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This report deals with a planning study of doctoral work In 
engineering, which was conducted In several portions corresponding to 
the various disciplines within engineering. The report Is In six volumes. 
Volume A deals with chemical engineering, B with electrical englnnerlng, 
C with metallurgical and materials engineering, D with mechanical 
engineering, E with industrial engineering, and F with civil engineering. 
Each volume contains the COU and ACAP reports for engineering as a whole 
together with the consultants' report and other material appropriate 
to one of the disciplines. The COU report will be in three parts: Hart I 
dealing with the recommendations approved in June 1974 and dealing with 
most of the fields. Parts il and lil to appear later dealing with 
mechanical and industrial engineering, and with civil engineering 
respectively. This volume, printed in the summer of 1Q74, contains only 
Part I. 
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FOREWORD 



As a consequence of a study of engineering education In Ontario (described 
In more detail In the subsequent ACAP report) the Council of Ontario 
Universities called for a planning assessment of PhD programmes In 
engineering to be carried out by ACAP In cooperation with CODE. 

The Advisory Committee on Academic Planning (ACAP), as presently 
constituted, was established by the Ontario Council on Graduate Studies 
at the request of the Council of Ontario Universities In January, 1971 • 
The Advisory Committee's terms of reference were directed broadly toward 
the effective planning and rationalization of long-term graduate 
development In Ontario's universities both at the level of Individual 
disciplines and at a more general level. The Advisory Committee's 
activities are based on the premise that graduate work Is the one area 
of university activity In which specialization among universities, 
cooperative arrangements and comprehensive planning are most necessary. 

The disciplinary planning orocess Involves a discipline group 
composed of one representative from each university with an Interest In 
graduate work in the planning area. In the case of engineering, CODE 
was also Involved In a vray described In the ACAP report. The discipline 
group assists In defining the precise academic boundaries of each study, 
and prepares a commentary on the consultants' report. 

The final decision on consultants for the planning study Is made 
by ACAP. The consultants are requested to make recommendations on 
programmes to be offered In Ontario, desirable and/or likely enrolments, 
the division of responsibility for programmes among universities, and the 
desirable extent of collaboration with related disciplines. 

t'Oille the consultants' report Is the single largest element In the 
final report on the planning study, ACAP considers the statement of each 
university's forward plans to be most significant. These forward Plans 
are usually outlined prior to the planning study, and are used as a basis 
for comments from the universities concerned on the consultants' report. 

On receipt of the consultants' report, and comments on It from the 
dlslcpllne group and the universities, ACAP begins work on Its own recom- 
mendations for submission directly to the Council of Ontario Universities. 
COU considers the Input from all sources, and prepares the position of the 
Ontario university community. 

The following report is one of a series of disciplinary planning 
studies carried out by the Advisory Committee on Academic Planning and 
to be published by the Council of Ontario Universities. The emphasis 
of the report is on forward planning, and it is hoped that the 
Implementation of COU's recommendations will help to ensure the more 
ordered growth and development of graduate studies in Ontario's universities. 
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Council of Ontario Universities 
Consell des f-nlversltes de l^Qntar lo 



Report and Recommendations 
concerning Doctoral Studies 
In Engineering - i'art I 



On the Instruction of the Council of Ontario Universities » the Advisory Committee 
on Academic Planning » In cooperation with the Committee of Ontario Deans of Engin- 
eerings has conducted a planning assessment for doctoral work In engineering. This 
arose from the need to re-examine the recommendations concerning PhD work which 
appeared In Ring of Iron . The background to the study » the procedures followed 
and the planning techniques used are described In the ACAF report and are not repeated 
here. The resultant report from ACAP Is attached together with the consultants* 
reports^ the comments by the discipline groups, the comments of the Individual 
universities, and the comments of CODE. It Is Important for the reader to read the 
attachments In order to understand the recommendations In this Report from COU. COU 
will Issue subsequent parts to this report dealing with mechanical, Industrial and 
civil engineering. 

The Council received the ACAP report and supporting documentation on April 11, 1974. 
The content of the ACAP document was debated on April 11, on May 3, and on June 7, 
1974. As a result of these discussions this Report and Recommendations was prepared 
and approved by the Council on June 7, 1974. The report is addressed to the Ontario 
Council on University Affairs and the universities of Ontario. 

The following principles have been adopted and will apply to this and all other COU 
Reports arising out of assessments. 

1. Discipline assessments by ACAP should form the basis for planning by 
the universities of their development of graduate studies, particularly 
PhD programmes. On the basis of these assessments, COU should make its 
own recommendations on currently embargoed programmes. Each university 
must retain the freedom and responsibility to plan and implement its 
own academic development. However, the universities in embarking on 

a cooperative planning process have signalled their intentions of 
cooperating with the COU recommendations. 

2. Universities generally plan their emphases in graduate study on the 
bases of related departments, not of single departments. Initially 
the sequential nature of the discipline planning assessments makes 
this difficult. However, by the summer of 1974 there will have been 
assessments of most of the social sciences, all of the physical sciences, 
engineering doctoral work, and a number of professional areas. On the 
information and recommendations then available, each university should be 
able to make decisions concerning its support of graduate programmes 

in these areas. Amendments to university responses to the individual 
discipline planning assessments may then be made in the wider context of 
a group of related disciplines and amendments to COU*s original Reports 
on an individual discipline may be required. 
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3. The first concern in planning is to review the quality of graduate 
opportunities and of students in Ontario universities and to make 
judgenents about how to proceed or not proceed based on quality 
considerations. The procedures have made use of highly qualified 
independent consultants who have no direct interest in the universities 
in Ontario. Accordingly, COU feels bound to accept their Judgements 
about quality where they are stated clearly unless unconvinced that 
their conclusions about quality are consistent with their evidence. 
COU's recommendations in the case of programmes which are of unsatis- 
factory or questionable quality will call for discontinuation or the 
carrying out of an appraisal, if the continuation of the programme 

is not crucial to the province's offerings. In some cases, however, 
there may be a particular need for the progranmie and the appropriate 
recommendation will be to strengthen i*-, with an appraisal following 
that action. It is also possible that if there were found to be 
too large a number of broadly-based prograunes there could be a recom- 
mendation to discontinue the weakest; in this case, an appraisal for 
a more limited programme might be relevant. 

4. A second consideration is the scope of opportunities for graduate 
work in the discipline. Do the Ontario programmes together offer 
a satisfactory coverage of the main divisions of the discipline? 

5. Numbers of students to be planned for will depend on the likely 
number of applicants of high quality and in some cases may relate to an 
estimate of society's needs. Such estimates may be reasonably reliable 
in some cases and not in others. If the plans of the universities 
appear to be consistent with the likely number of well-qualified 
applicants and there is either no satisfactory basis for estimating 
needs or there is no inconsistency between a reasonable estimate of 
need and the universities' plans, then COU will take note of the facts 
without making recommendations on the subject of numbers. 

If the numbers being planned for by the universities are grossly out 
of line with the anticipated total of well-qualified students, or a 
reliable estimate of needs, COU will make appropriate corrective 
reconunendations. Depending on the circumstances, these may call for 
a change in the total numbers to be planned for and indications of 
which institutions should increase, decrease, ur discontinue. The 
recommendations in serious cases may need to specify departmental 
figures for each university for a time. If the numbers being planned 
for are insufficient, the recommendations may call for expansion, or 
new programmes, and may have implications for both operating and 
capital costs. 

Unless there are exceptional circumstances, the recommendations 
concerning enrolment will not call for a university to refuse 
admission to any well-qualified student who wishes to work in a 
field in which that university offers a programme and in which it 
has the capacity to accommodate the student. 
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6* The quality of graduate programmes in partly dependent on slzei and 
for each programme » depending on how It Is designed and Its scope » 
there Is a minimum size of enrolment below which quality may suffer. 
That number cannot be expressed for the discipline as a whole but 
only for Individual programmes depending on their purpose^ their 
resources and their design. 

7. Universities will be expected to notify COU If they Intend to depart 
from the COU Report In any way which they believe might have a slgnl** 
flcant bearing on the provincial plan* 

8. Appraisals arising as the result of assessments are to be based on the 
standards but not necessarily the scope of the acceptable programmes 
In the province. 

General observations concerning engineering doctoral work 

1. On carlo Is unlikely to over-produce engineering l-hO's In the next five 
years. However » the student body contains too large a proportion of non- 
Canadians. Qualified Canadians should be encouraged to seek the engineering 
IhD. 

2. Doctoral students should be selected on the basis of high academic standing 
and research potential « 

3. **Inbreedlng" Is a problem^ with many students obtaining three degrees from 
one university. 

4. Facu^ :y members » whether or not engaged with doctoral students » should have 
the facilities and opportunities to engage in research and in work with 
Industry. 

5. The scope for inter-university and university-industry cooperation is 
considerable and should be exploited. 

6. The quality and state of development of the Ontario doctoral programmes are 
variable. Some are very good and have gained International recognition. 

7. Some universities are organizing (or reorganizing) doctoral study on a 
division of specialization other than that provided by the "traditional** 
engineering departments. In two of the smaller faculties this is a central 
factor in the planning » but increasing cross -departmental activity is also in 
evidence elsewhere. 



Actions by COU 

1. COU has abandoned a planning number of 450 doctoral students and advises 
the universities to plan on the assumption that the doctoral enrolment will 
remain roughly constant for the next five years. Although there is a need 
for engineers with doctorates in Ontario » graduate student enrolment will 
level off due to a lack of top quality students. Canadians must be attracted 
in increasing numbers in order to maintain enrolment at the present level. 
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2. COU requests that CODE report annually to COU on enrolment and emplosrment 
opportunities. 

3. COU requests that ACAP arrange for each engineering discipline group: 

U) to monitor annually the admissions experience of each programme (post 
facto ) and report on the quality of the admitted students (to ACAP for 
transmission to COU) ; 

(2) to report annually to ACAt" on the universities previously attended by 
the newly admitted graduate students of each department* 

4. COU requests CODE^ after consultation with the discipline groups, to develop 
proposals for collective methods of making Information on graduate work In 
all Ontario universities readily available to the engineering students, and 
to Inform ACAP of the action taken. 

5* COU requests OCGS to examine existing university guidelines on part-time 
doctoral work and its supervision* 

6. COU request that ACAi' arrange for an annual report to OCGS from each university 
on the time taken for each graduating student to complete his doctoral studies. 

7. COU requests ACAi" to examine the available documentation on civil engineering, 
to reach Its own judgements on the basis for a report, after soliciting assist- 
ance from the discipline group and the universities, and to prepare its report 
to COU containing recommendations for the future of civil engineering doctoral 
work. This should be submitted by December 31, 1974. 

8. COU requests that ACAi' arrange for the metallurgical and materials engineering 
discipline group to present a report to ACAP on university actions taken to 
correct identified weakness in certain fields of study. 



Recommendations 

It Is recommended that: 

1. Universities, CODE and discipline groups take steps to inform potential 
candidates of the value of a PhD iu many phases of government and industry, 
not only In research and development. The universities, individually and 
collectively, through agencies such as CODE, should discuss with the industrial 
and governmental employers steps to be taken jointly In order to overcome the 
shortage of Canadian students. 

2. The universities attempt to maintain the situation where Canadians and landed 
Immigrants constitute at least 70Z of the doctoral enrolment in any programme, 
at any one time, even though the number of landed immigrants may decrease. 
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3* The universities I the provincial government » and granting agencies examine 

the extent to which the limit to student income deters Canadians from entering 
graduate work. Means of supplementing the income of professionally experienced 
students should be examined* 

4* All doctoral thesis examining committees have an examiner external to the 
university, 

5« At present 9 there not be any specific engineering doctoral part-time programmes 
but rather that part-time or non-resident doctoral work be done by individual 
arrangement. Experimentation in methods of carrying on part-time work is to 
be encouraged and might lead in future to the creation of specific part-time 
programmes* It is also recommended that the research topic of any student 
accepted on a part-time basis be in a field in which the professors in the 
department have expertise* 



University Recommendations 

Engineering was split into five separate assessments, one for each of the five 
traditional fields of engineering* Two universities, Western Ontario and Windsor, 
do not administer their doctoral engineering work along these lines but rather on 
an interdisciplinary basis that cuts horizontally across engineering* For this 
reason, these two universities are being dealt with separately and not as part of 
the more standard approach evident in the five assessment reports* Similarly, 
Guelph also is included in this section* 

It is recommended that: 

6* The University of Western Ontario continue its examination of its PhD 

programme in engineering science, and put forward the resulting programme for 
appraisal, in particular dv*ineating carefully the areas of research in which 
it feels it appropriate to accept students* If a favourable appraisal 
is not obtained by the end of October, 1976, admission of new students should 
then be suspended* 

7* The University of Windsor continue the reorganization of its doctoral work in 
engineering and submit all programmes for appraisal when the new system has 
been in operation sufficiently long to permit a valid appraisal*^ Enrolment 
of new students should cease after October, 1977, if a favourable appraisal 
has not been obtained* 

3* The involvement of the School of Engineering in the hydrology doctoral programme 
at the University of Guelph continue and that the university begin doctoral 
work in agricultural engineering at a time in accordance with the university's 
plans, subject to normal appraisal procedures* 



Chemical Engineering 

This section deals with doctoral work in chemical engineering at McMaster, Ottawa, 

Queen's, Toronto and Waterloo* 
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It Is reconuaended that: 

9. The departments consider grouping their research activities in well-defined 
arc - so as to establish or reinforce teams, thus providing a more stimulating 
environment for students. 

10. McMaster University continue its doctoral work in chemical engineering accord- 
ing to its plans. 

11. The University of Ottawa continue its doctoral programme in chemical engineering 
according to its plans. 

12. Queen's University re-evaluate its doctoral progranme in chemical engineering 
in the light of comments made by the consultants concerning research activity 
of the faculty, the grouping of research areas, the awareness of new trends 
in the discipline, and the mobility of its bachelor's graduates, and submit 
the programme for appraisal at the time that the university considers appro- 
priate. If a favourable appraisal has not been received by October, 1976, 
enrolment of new students then be suspended. 

13. The University of Toronto continue its doctoral programme in chemical engineer- 
ing according to its plans, paying particular attention to the desirable 
mobility of its bachelor's graduates for graduate work elsewhere and to the 
desirability of grouping of research areas. The University of Toronto is 
requested to report to COU through ACAP by June, 1975, on action taken in regard 
to this Recommendation. 

14. The University of Waterloo continue its doctoral programme in chemical 
engineering according to its plans. 

Civil Engineering 

The consultants' report is unfortunately inadequate for planning purposes. 
It is recommended that: 

13. The embargo on the funding of any new programmes in civil engineering 
continue until COU has accepted a report from ACAi' dealing adequately 
with the future role of each department in respect to the different fields of 
doctoral research, paying particular attention to the relative strengths and 
weaknesses of each department and the change in emphasis on fields recommend- 
ed by the consultants. The report should be submitted by ACAF by December 31, 
1974. 



Electrical Engineering 

This section deals with doctoral work in, electrical engineering at Carleton, 
McMaster, Ottawa, Queen's, Toronto. and Waterloo. 

It is recommended that: 

16. The discipline group annually identify those areas of electrical engineering 
which they consider relevant to the present and future needs of Canada and 
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make their findings available to the granting agencies and various associations 
of industry in ordar to stimulate a continuing dialogue with industry* 

17. Carleton University continue its doctoral work in electrical engineering 
according no its plans* 

18. McHaster University continue its doctoral work in electrical engineering 
according to its plans* 

19* The University of Ottawa plan the reorganization of its doctoral programme 
in electrical engineering and put forward the programme for appraisal* If 
a favourable appraisal has not been obtained by the end of the fall term 19769 
admission of new Hti cents should cease* In the meantime » enrolment of new 
students should be restricted to the digital communications systems and large- 
scale systems fields* 

20* Queen *s University continue its programme in electrical engineering concentrating 
in the communications and systems fields, with occasionally a student In cognate 
areas of electronics and energy processing* Any proposed substantial develop- 
ments in these latter two fields should be submitted for appraisal* It is also 
recommended that the department maintain enrolment at its present level* 

21 « The University of Toronto continue its doctoral work in electrical engineering 
according to its plans* 

22. The University of Waterloo continue its doctoral work in electrical engineering 
according to its plans* 



Metallurgical and Materials Engineering 

This section deals with doctoral work in metallurgical and materials engineering 
at ilcMaster, Queen's, Toronto and Waterloo* 

It is recommended that: 

23. The universities take steps to increase the activity in the ceramics, glasses, 
and polymer fields of study in the province* 

24* McMaster University continue its doctoral programmes in materials science 
and extractive metallurgy, and make a report to COU through ACAI* in the fall 
of 1975 on the following suggestions for improvement: 

aj recruitment of students with physics and chemistry backgrounds 
b) strengthening of the extractive metallurgy faculty 
c> collaboration with the University of Toronto 

25. Queen's University continue its doctoral work in physical metallurgy 

and discontinue the doctoral programme in extractive metallurgy and mineral 
engineering as it now exists and replace it by an enlarged programme involving 
professors from other departments. This new prograir.Tie should be appraised 
and this should be completed by December 31, 1976* If Queen's does not wish 
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to enlarge its programme in extractive metallurgy and mineral engineering, 
the present programme should be put forward immediately for appraisal, 
ceasing to enrol new students by June 30, 1975, if a favourable appraisal 
is not obtained. 

26. The University of Toronto continue its doctoral programmes in its Department 
of Metallurgy and Materials Science. It is suggested that Toronto consider 
broadening the programmes and it is requested that the university report to 
COU through ACAP by September, 1975, on any progress made in this direction. 

27. The University of Waterloo continue its doctoral work in extractive and pro- 
cess metallurgy and in metallurgical engineering and materials science 
according to its plans. 



Mining Engineering 

It is recommended that: 

28. Queen's University continue its doctoral work in accordance with its plans. 



General 

It is recommended that: 

29. In view of the acceptance of these recommendations by the Council of 
Ontario Universities and the completion of Part I of this planning 
assessment, the Ontario Council on University Affairs request the 
Minister to remove the embargo on doctoral work in Engineering (except 
for Mechanical, Industrial and Civil Engineering at Carleton, McMaster, 
Ottawa, Queen's, Toronto and Waterloo), in accordance with the original 
announcement of the Minister that new graduate programmes would be embargoed 
until, for each discipline, a planning study has been conducted. 



Notes concerning the recommendations 
Re: Recommendations 1> 2, and 3 

The background to these important recommendations appears on pages 13 and 14 of 
the ACAP Report. 

Re: Recommendation 7 

Presumably the programmes submitted for appraisal will be the three 
divisional programmes which are replacing the departmental programmes. 

Re: Recommendation 16 

Other engineering discipline groups may also find this a valuable suggestion. 
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Re; Recoimnendatlon 19 

This differs from the recommendation in the ACAP Report because the University 
subsequently decided to carry out a re-assessment of the future direction 
of the department. 

Re: Recommendation 25 

Queen's has reported to COU its intention to enlarge its programme in extractive 
metallurgy. 



June 7, 197A. 
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I. RECOMMENDATIONS 



General Recommendat Ions 



CI 

It Is recommended that COU abandon the quota of 450 doctoral student 
enrolment in 1974-75, and plan on roughly the present enrolment for the 
next five years, assuming greater Interest by Canadian students In 
engineering graduate work. If this Interest does not materialize, the 
enrolment will undoubtedly drop. In any case^ It Is recomnended that 
CODE be asked to report annually to COU on enrolment and employment 
opportunities. 

C2 

It is recommended that steps be taken to Inform potential candidates of 
tue value of a PhD in many phases of government and industry, not only In 
research and development. The universities. Individually and collectively, 
through agencies such as CODE, should discuss with the industrial and 
governmental employers steps to be taken Jointly in order to overcome the 
shortage of Canadian students. 

C3 

It is recommended that the universities maintain the situation where 
Canadians and landed Immigrants constitute at least 70X of the doctoral 
enrolment in any programme, at any one time, even though the number of 
landed immigrants may decrease. 

C4 

It is recommended that the universities, the provincial government, and 
granting agencies consider the remarks of the consultants and examine 
the extent to which the limit to student Income deters Canadians from 
entering graduate work. Means of supplementing the Income of professionally 
experienced students should be examined; Increased contacts between faculty 
and industry could lead to Increased industrial support. 

C5 

It is recommended that each Discipline Group monitor annually the admissions 
experience of each programme ( post facto ) and report on the quality of the 
admitted students to ACAP for transmission to COU. 

C6 

It is recommended that all doctoral thesis examining committees should 
have an examiner external to the university. 
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C7 

It Is recommended that each Ulsclpline Group and CODE develop proposals 
for making information on graduate work in all Ontario universities 
readily available to the engineering students i in some collective way 
and Inform ACAP of the action taken* Each Discipline Group should report 
annually on the university last attended by the graduate students in 
each department* 

C8 

It Is recommended that at the present any part*>tlnie or non-president 
doctoral work should be by Individual arrangement and that experimentation 
in this type of programme be encouraged. It is also recommended that 
the research topic of the student accepted on a part-^time basis be in a 
field in which the professors in the department have expertise* It is 
recommended that OCGS examine existing university guidelines in this area* 

C9 

It is recommended that the universities report to ACAP (for OCGS) each 
year on the time taken by each graduating student to complete his 
doctoral studies* 

University Recommendations 

CIO 

It is recommended that the University of Western Ontario continue its 
examination of its PhD programme in engineering science i and put forward 
the resulting programme for appraisal i in particular delineating 
carefully the areas of research in which it feels it appropriate to 
accept students* In case a favourable appraisal is not obtained by 
Octoberi 1976| admission of new students should then be suspended* 

Cll 

It is recommended that the University of Windsor continue the reorganization 
of its doctoral work in engineering and submit all programmes (presumably 
these will be the three divisional programmes which are replacing the 
departmental programmes) » for appraisal when the new system has been in 
operation sufficiently long to permit a valid appraisal* Enrolment of 
new students should cease after October i 1977 » if a favourable appraisal 
has not been obtained by that date* 

C12 

It is recommended that the Involvement of the School of Engineering in 
the hydrology doctoral programme at the University of Guelph continue and 
that the University begin doctoral work In agricultural engineering at a 
time In accordance with the University's plans » subject to normal appraisal 
procedures* 
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Chemlcal Engineering 

C13 

It Is recommended that the departments take note of the consultants' 
recommendation 10 to group research activities In well-defined areas 
so as to establish or reinforce teams » thus providing a more stimulating 
environment for students* 

C14 

It Is recommended that McMaster University continue Its doctoral work 
In chemical engineering according to Its plans # 

CIS 

It is recommended that the University of Ottawa continue Its doctoral 
programme In chemical engineering according to Its plans # 

C16 

It Is recommended that Queen's University reevaluate Its doctoral 
programme In chemical engineering In the light of comments made by the 
consultants concerning research activity of the faculty, the grouping 
of research areas » the awareness of new trends In the discipline, and 
the mobility of Its bachelor's graduates, and submit the programme for 
appraisal at the time that the University considers appropriate* If a 
favourable appraisal has not been received by October 1976, enrolment of 
new students should be suspended at that date* 

C17 

It Is recommended that the University of Toronto continue Its doctoral 
programme In chemical engineering according to Its plans, paying particular 
attention to Recommendation C7 regarding mobility of Its graduates and to 
Recommendation C13 concerning grouping of research areas* It Is recommended 
that the University of Toronto report to COU through ACAP by June, 1975, 
on action taken In regard to this Recommendation* 

CIS 

It is recommended that the University of Waterloo continue Its doctoral 
programme In chemical engineering according to Its plans* 

Civil Engineering 

C19 

It is recommended that COU recommend the continuance of the embargo on the 
funding of any new programmes In civil engineering until COU has accepted 
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a Discipline Group report dealing adequately with the future role of 
each department In respect to the different fields of doctoral research^ 
paying particular attention to the relative strengths and weaknesses of 
each department and the change In emphasis on fields recommended by the 
consultants. The report should be submitted to ACAP by December 31 » 
1974. 

Electrical Engineering 

C20 

It Is recommended that the Discipline Group annually Identify those 
areas of electrical engineering which they consider relevant to the 
present and future needs of Canada and make their findings available 
to the granting agencies and various associations of Industry In order 
to stimulate a continuing dialogue with industry. 

€21 

It is recommended that Carleton University continue its doctoral work 
in electrical engineering according to its plans. 

C22 

It is recommended that McMaster University continue its doctoral work in 
electrical engineering according to its plans. 

C23 

It is recommended that the University of Ottawa continue to offer a 
doctoral programme in electrical engineering restricted to theses in 
digital communication systems and large-scale systems. This limited 
programme is to be appraised as soon as possible. Enrolment of new students 
should cease as of December » 1975 if a favourable appraisal has not been 
obtained. 

C2A 

It is recommended that Queen's University continue its programme in electrical 
engineering concentrating in the communications and systems fields » with 
occasionally a student in cognate areas of electronics and energy processing. 
Any proposed substantial developments in these latter two fields would be 
submitted for appraisal. It is also recommended that the department maintain 
enrolment at its present level. 

C25 



It is recommended that the University of Toronto contiiaue its doctoral work 
In electrical engineering according to its plans. 
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It Is recommended that the University of Waterloo continue Its doctoral 
work In electrical engineering according to Its plans. 

Mechanical Engineering 

C27 

It Is recommended that Carleton^ McMaster and Queen* s Universities continue 
their doctoral programmes In mechanical engineering and during the coming 
year give careful consideration to the feasibility of a stronger development 
of foci of Interest In the special areas of strengths suggested by the 
consultants. The Universities are requested to report to COU and OCGS, 
through ACAP, during the Fall of 1975, on the results of these considerations. 

C28 

It Is recommended that, If the University of Ottawa wishes to reactivate 
a doctoral programme In mechanical engineering, It give careful consideration 
to allowing some further maturing of the department before applying for 
appraisal. 

C29 

It Is recommended that the University of Toronto . continue Its doctoral 
programmes In mechanical engineering In Its Department of Mechanical 
Engineering and the Department of Aerospace Studies and Engineering. 
ACAP suggests that the University consider the consultants* recommendation 
of a greater concentration of research activities of the Department of 
Mechanical Engineering on major problems of national concern. It Is 
recommended that the University Inform COU and OCGS through ACAP, during 
the Fall of 1975, of any decisions taken. 

C30 

It is recommended that the University of Waterloo continue Its doctoral 
programme In mechanical engineering. ACAP suggests that the University 
consider the consultants* recommendation of a greater concentration of 
research activities on major problems of national concern. It Is 
recommended that the University Inform COU and OCGS through ACAP, during 
the Fall of 1975, of any decisions taken. 

Metallurgical and Materials Engineering 

C31 

It is recommended that the universities take note of the consultants* 
recommendations 1, 2, 3b and 3c, dealing with the weakness In certain 
fields of study In the province and that the Discipline Group report 
to ACAP on any action taken In consequence of these recommendations. 
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It is recommended that McMaster University continue Its doctoral 
programmes In materials science and extractive metallurgy , and noting 
the strength attributed to these programmes by the consultants, make 
a report In the fall of 1975 on the following suggestions for 
Improvement: 

a* recruitment of students with physics and chemistry backgrounds 
b, strengthening of the extractive metallurgy faculty 
c« collaboration with Toronto. 

C33 

It Is recommended that Queen's University continue Its doctoral work 
In physical metallurgy and discontinue the doctoral programme In 
extractive metallurgy and mineral engineering as It now exists and replace 
1l by an enlarged programme Involving professors In other departments as 
suggested In the consultants* report. This new programme should be 
appraised and this should be completed by December 31, 1976. If Queen's 
does not wish to enlarge Its programme In extractive metallurgy and mineral 
engineering, the present programme should be put forward Immediately for 
appraisal, ceasing to enrol new students by June 30, 1975, If a favourable 
appraisal Is not obtained. 

C34 

It Is recommended that the University of Toronto continue Its doctoral 
programmes In Its Department of Metallurgy and Materials Science. It Is 
suggested that Toronto give careful consideration to the consultants' 
recommendations concerning broadening the programmes and It Is recommended 
that the University report to COU through ACAP by September, 1975, on any 
progress made In this direction. 

£35 

It Is recommended that the University of Waterloo continue Its engineering 
doctoral work in extractive and process metallurgy and In metallurgical 
engineering and materials science according to its plans. 

Mining Engineering 

C36 

It 13 recommended that Queen's University continue its doctoral work in 
mining engineering in accordance with its plans. 



Industrial EnRlneerlng and Systems Design 



C37 

It Is recommended that the University of Toronto continue its doctoral 
work in human factors engineering, management information systems and 
operations research. 

C38 

It is recommended that the University of Waterloo continue its doctoral 
programme In systems design. 



II. BACKGROUND AND PROCEDURE 



In June, 1968, the Committee of Presidents of the Universities of 
Ontario, after a meeting with the chairman of the Committee on 
University Affairs, decided that a comprehensive review of engineering 
education in Ontario should be undertaken. The Committee of Ontario 
Deans of Engineering (CODE) was requested to draw up plans for such 
a study, and this proposal was approved by the Committee of Presidents 
on November 15, 1968. The objective was to create a master plan which 
could be used as a guide for rational growth of engineering education 
during the 1970* &• Such a plan should endeavour to provide for the 
highest attainable quality, the best use of resources, opportunity 
for innovation, and maximum freedom of choice for students* 

This study culminated in the report Ring of Iron prepared by a commission 
chaired by Philip Lapp. 

The report was received by the Committee of Presidents in January » 1971. 
A process of review of the report's recommendations was established, 
CODE prepared a brief based on statements of views submitted by 
each univeisity concerned and by each l^aculty of Engineering. Briefs 
were prepared also by the Ontario Council on Graduate Studies (OCGS) 
and the Association of Professional Engineers of Ontario. On 
October 5, 1971, the Council of Ontario Universities (COU) considered 
Ring of Iron and the briefs and prepared a statement of recommendations 
to the universities and to CUA. 

COU accepted a number of the Lapp recommendations without change, others 
with amendments and rejected some. Broadly speaking, the recommendations 
to do with undergraduate matters were accepted or modified slightly. 
The graduate area of the report was more controversial, but here also 
some recommendations were accepted. The most significant of the 
recommendations concerning graduate study, as approved by COU, are: 

**The criteria of acceptability of graduate degrees in engineering 
should be recast in order that a thesis based on design or 
systems synthesis may be suitably assessed. This could involve 
the establishment of a new degree at the doctorate level.** 

**Both universities and industries should recognize joint appoint- 
ments as part of the career structure of their senior staff; 
thbse appointments should be increased as far as possible..... 
Sy this we understand a system of part-time appointments.** 

**Over the next two years the estimated graduate enrolment of 
2,000 full-time equivalent students for 1970-71 be reduced 
by 17%, after which graduate enrolment should be limited to 
a number equal to the previous year* a bachelor graduations. 
The enrolment figure applies to the engineering departments 
as identifed in Ring of Iron **. 
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"The recommendation that the number of PhD students enrolled 
be reduced to 450 per year Is fully supported by all groups 
Including COU. However, COU, along with CODE and OCGS, 
recommends that the figure of 450 be the target for 1974-75, 
rather than for 1973-74, for reasons related to avoiding 
large fluctuations In enrolment as explained In the OCGS 
critique." 

* 

"The Lapp report recommends specific numbers of PhD enrollees 
for each of the universities Including discontinuance of the 
PhD enrolment in certain universities. COU ieels that the 
reasons for the numbers chosen or for the elimination of 
certain doctorate programmes are not fully documented in the 
Lapp report. COU also agrees with CODE and OCGS that 
attention must be given to the numbers of doctorate 
enrollees by discipline as well as by university. For 
these reasons COU recommends that for the year 1972-73 
doctorate enrolment be reduced in each university below 
the projected figure for 1971-72 by a pro rata percentage 
in order to provide 612 doctoral candidates (the number 
required to achieve the target of 450 in 1974-75). Pre- 
liminary acceptance of the OCGS method for reducing PhD 
enrolment (by limiting new PhD enrolments to achieve a 
total system number of 450 by 1974-75) is based on plans for 
discipline planning assessments respecting PhD programs to 
be initiated immediately and completed as rapidly as 
possible. Such assessments will be carried out by ACAP 
in cooperation with CODE; they are to Incorporate capability, 
demand and quality correlates, and are to be used to provide 
specific recommendations on changes for the total PhD 
enrolment, and for the division of the enrolment amongst 
universities and amongst disciplines. The assessments are 
to incorporate a review of the effects of the pro rata 
reductions in 1972-73, and to recommend a mechanism for 
continuing review of PhD enrolments." 

On receipt of this instruction from COU, ACAP and CODE established a 
liasion committee (Ayers, Dillon, Ham, Johnson, Shemllt, Mcintosh, Preston) 
which drafted procedures for the assessments. It may be noted that 
the committee considered a model in which the assessments were based, 
not on the five traditional departments found in engineering faculties, 
but rather on Interdepartmental areas of research; the practical 
difficulties of conducting the assessments led the committee to 
recommend the five-fold subdivision actually used. 

The procedure developed in this way was approved by ACAP on March 17, 1972, 
and by COU on April 7. The procedure (except for minor data amendments) 
is that in Appendix D to this report. In writing to indicate its 
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approval CODE expressed their understanding that two objectives would 

be met: 

"1. To provide a rational basis for doctoral work in engineering 
and for confirming or modifying the limitation on enrolment 
suggested by Lapr>. 

2. To conduct a really effective assessment of the quality of 
our current doctoral progranmes . " 

CODE went on to emphasize the need of adequate resources to obtain the 
best consultants. 

In order to begin the planning assessments, the ACAP/CODE liasion 

committee called a meeting of members of the five Discipliue Groups 

(Chemical. Civil. Electrical. Mechanical, and Metallurgical Engineering). 

This meeting on April 12. 1972. indicated a good deal of faculty 

resistance to the conduct of the planning assessments and uneasiness 

about some perceptions of some aspects of the approved procedures. 

This resulted In a delay in mounting the assessment. CODE suggested 

a Coordinating Task Force, consisting of two members of CODE, the 

chairman of each Discipline Group, and a member of ACAP could review 

the procedures. ACAP advised COU to agree to this request and the 

COU executive did so on June 9. 1972. This Task Force held nfetings 

on June 29. July 27. September 1. September 25. November 29. 1972 and 

March 19. 1973. It suggested two slight additions to the procedures 

as approved earlier by COU. These were approved by COU on September 25. 1972. 

The Task Force also produced a document clarifying some aspects of the 

procedure in detail, and a statement of some educational philosophies 

concerning doctoral study. These documents are referred to in the 

terns of reference of the consultants. The Task Force also advised 

ACAP (and so did universities) on how to take into account for planning 

purposes those doctoral programmes in Faculties of Engineering which 

did not fall obviously into the fields covered by one of the flvt 

consulting teams. It was eventually decided that: 

a) both the metallurgy and the mechanical engineering consultants 
would be asked to consider the metallurgical work within the 
Department of Mechanical Engineering at Waterloo 

b) no advice from external consultants would b'^ sought on the doctoral 
programme in mining engineering at Queen's 

c) a small-scale "planning assessment" involving two consultants would 
be carried out in industrial engineering and systems design 

d) in view of the fact that all current doctoral students at Guelph are 
in hydrology and that the field of agricultural engineering is also 
proposed, the civil engineeiing consultants would be asked to consider 
the Guelph doctoral work, with the understanding that If they so wished 
ACAP would facilitate a consultation for them with someone In a 
department of agricultural engineering 
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e) the mechanical engineering consultants be asked to consider the 
doctoral work at the University of Toronto Institute of Aerospace 
Studies and in aeronautical engineering at Carleton, with the 
request fhat they consult also with another of the ACAP consultants 
(on the Electrical Engineering team) who had expertise in some of 
the UTIAS work outside mechanical engineering and also with an 
aerospace specialist 

f) advice on the future plans of the Department of Management Science 
at Waterloo would be sought from the consultants in the planning 
assessment in Administration, Business and Management Science, 
with a comment also provided by the consultants on industrial 
engineering. 

g) no special arrangements were needed in connection with biomedical 
engineering at Toronto since the corresponding institute has no 
graduate programme of its own, and the future doctoral plans are 
covered in the statements from each of the associated departments. 

Item f vi/ill be dealt with in a later report. The remainder are 

covered In this report. The mechanical engineering consultants informed 

ACAP that they did not require the assistance suggested in item e. 

In October, .1972, CODE proposed that a study be carried out, under the 
aegis of the newly established Canadian Engineering Manpower Council, 
and with financial support from a number of agencies, in order to make 
recommendations about "supply and demand" for engineering doctorates. 
This would be expected to be of great value to the planning assessments. 
ACAP agreed to this suggestion, provided funds towards the costs, and 
incorporated reference to the study into the instructions for the 
consultants. In the event, the study proved rather disappointing; it 
Is discassed later in this report. 

As a result of suggestions from the Discipline Groups and after receiving 
comments from the Coordinating Task Force and from CODE, ACAP agreed on 
consultants at Its meetings of September 7-8, October 13 and December 18, 
1972. The consultants who finally acted were: 

Dean P. Grenier of University Laval, 
Dean W. R. Marshall of the University of Wisconsin 
Professor L. Yaffe of McGlll University 

Professor W. W . Eckenfelder of Vanderbilt Univerii 
Mr. b. V. Martin of Alan M. Voorheas and 
Associates Ltd., Professor G. G. Meyerhof of 
Nova Scotia Technical College, Dr. J. L. Boulet 
of Hydro-Quebec. 

Professor A. D. Moore of the University of British 
Columbia, Professor M. H. Van Valkenberg of 
Princeton University, Dr. M. P. Bachynski of 
RCA Research Laboratories 



Civil Knglneerln^; : 
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Mechanical Engineering : Professor H^W, Emmons of Harvard University i 

Dean G, Ford of the University of Alberta , 
Dr. R. D. Hiscocks of the National Research 
Council of Canada, Professor S,G« Mason of 
McGill University 

Metallurgical Engineering : Professor J,J, Jonas of McGlll University, 

Professor T.B. King of the Hissachusetts 
Institute of Technology, Professor W«S« Owen 
of Northwestern University and M.I.T,, 
Dr. W«B« Lewis of Atomic Energy of Canada Ltd. 

Brief curricula vitarum appear in Appendix G. In each case, the last named 
person played the role of a senior Canadian from outside the discipline* 

The consultants held their first meetings at various dates in April and 
May, 1973 and In each case met with the appropriate Discipline Group, 
arranged the schedule of visits, discussed their character and had 
general discussion with the Discipline Group about the task before them* 
The visits took place In the two or three months following these meetings* 

The consultant teams each submitted a draft report in September, which was 
the subject of oral discussion with the Discipline Group at a meeting within 
a few days of the receipt of the draft* Each consultant team then sub- 
mitted its report* These reports were sent for comments to the universities, 
to the Discipline croups and to CODE, each of which sent comments to ACAP 
at various dates in November, December and January* 

A siibcommltnee of ACAP began consideration of the report to COU, before all 
the comments were In hand and continued its work through March, 1974, reporting 
regularly to ACAP and receiving Instructions* Early in its meetings the 
committee Identified some points on which further information and reactions 
were required* In particular, the need for fuller advice from the consultants* 
was felt la the cases of civil and mechanical engineering. Such further 
advice was sought, with results discussed In the relevant sections of this 
* report* ACAP also thought some further information would be helpful in 
connection with three of the universities and arranged meetings with officials 
of these universities and members of ACAP* 

Thl.-s report Is based on the ;onsultants* reports, the data collected for the 
study, the universities* comments and supplementary material from some of 
them, the Discipline Groups* responses, and the other documentation referred 
to in the procedures and terms of reference* The report sets out recommendations 
for COU on doctoral work In engineering in Ontario for the next few years* 

As Is required^ ACAP presents this report directly to COU* It has also been 
transmitted for Information to OCGS, CODE, and the Discipline Groups* 
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III. GENERAL RECOMMENDATIONS 

This section of the ACAP report contains reconunendatlons that are 

of general concern to all of engineering* Some of these recommendations 

have been mentioned consistently In all the reports while others , 

although found In only one report, are applicable to all doctoral 

programmes* 

• Enrolment and Manpower Forecasts 

In the summer of 1973, the Canadian Engineering Manpower Council 
released Its report entitled Supply and Demand for Engineering Doctorates 
In Canada * This report was partly financed by ACAP and was given to all 
the consultant teams prior to their wrl '.ng of their reports* It 
generally states that the supply of engineers In the next five years will 
exceed the demand. 

A summary of the comments made by the engineering consultants concerning 
this report shows that they all Independently disagree with the 
projections made In the CEMC report* They believe there has been no 
overproduction of PhDs to date and. In fact, there appears to be a 
shortage of metallurgical PhDs* Each team bellevea that the need for 
engineers will not decline, as predicted by CEMC but that the overall 
demand will continue and In actual fact, all but the civil engineering 
consultants believe It will Increase. 

ACAP had originally Intended to publish a critique of the CEMC report. 
However, CODE In Its repsonse to the engineering reports. Appendix H, 
has Included a statement on this report covering all the points ACAP 
wished to make* ACAP*s critique will not be reproduced, but we feel 
that the CEMC report Is not an adequate basis for manpower planning In 
engineering. Since all the consultants agree that supply will not exceed 
detrand but perhaps rather the reverse, the question of supply of qualified 
students must be studied. The main problem will be attracting Canadians 
Into engineering graduate work. In 1972-73, of the 518 F.T. engineering 
PhDs, 28.6% were Canadian, 53.3% were landed Immigrants and the remaining 
18.1% were on student visas. 

Changes In the Immigration regulations make It harder to become a landed 
Immigrant. Since one can no longer apply for landed Immigrant status 
while in Canada, those that come on student visas will presumably return 
to their iiomelaads. Coupled with this Is another new regulation that 
a teaching asslstantshlp Is no longer classified as a Job, thus making 
It harder to obtain landed Immigrant status. Consequently, ACAP 
feels that the percentage of landed Immigrants In graduate work 
will drop while the number of students visas will Increase. Financial 
support for people on student visas Is scarce. There are very few 
scholarships or bursaries open to them but In engineering they may be 



supported from contract funds. In any case^ there will be funds for 
only a few* Although Canada has a role to play in providing advanced 
technical education for the underpriviledged countries of the world » 
this should be kept to a reasonable level and should not exceed 30% 
of engineering doctoral enrolments. 

CODE, on page U-9 of its response , states that **unless the proportion 
of Canadian bachelor degree graduates choosing to undertake PhD studies 
changes drastically, the numbers of qualified applicants coming forward 
will certainly decline*\ There are suggestions that student stipends 
be increased. We remain unconvinced that stipends need be any higher 
in engineering than in any other field , but there is one exception 
and this is that people with substantial professional experience 
returning to graduate study should be supported at a higher level. 

ACAP is inclined to agree with the University of Waterloo's comment, 
page G-29 in its response to the chemical engineering report, that the 
best way of attracting Canadian students is a ''change in the general 
atmosphere surrounding doctoral work in engineering in this country 
and to convince the brightest young Canadian students that there are 
challenging opportunities for advanced work in Canadian industry''. 
Increased dialogue with industry as well as up-to-date information on 
jobs available would make the employment picture brighter and more 
alluring to prospective Canadian graduate students especially if the 
number of industrial scholarships were increased and more interaction 
were seen to be taking place between industry and university. 

This dialogue with industry is needed to ensure that more Canadians 
continue in graduate work. If industry indeed has a place for the 
master's or doctorate in engineering, more must be done to encourage 
good students to stay in university instead of taking a Job after the 
bachelor's degree. Industry in its hiring policies can encourage this. 

The chemical engineering consultants recommend that the universities 
should endeavour to develop entrepreneurship in students. They feel 
**this is a quality so badly needed at present in Canada". 

It does not seem as though Ontario will overproduce engineering PhDs in 
the next five years. The question is rather whether there will be enough 
qualified students. In view of this possible shortage, the following 
recommendations are made by ACAP. 

Recommendation CI 

It is recommended that COU abandon the quota of 450 doctoral 
student enrolment in 1974-75, and plan on roughly the present 
enrolment for the next five years, assuming greater intf^rest 
by Canadian students in engineering graduate work. If this 
interest does not materialize, the enrolment will undoubtedly 
drop. In any case, it is recommended that CODE be asked to report 
annually to COU on enrolment and employment opportunities. 



ERIC 



-15- 



Recommendation C2 

It is recommended that steps be taken to inform potential 
candidates of the value of a PhD in many phases of government 
and industry ♦ not only in research and development. The 
universities, individually and collectively, through agencies 
such as CODE, should discuss with the industrial and governmental 
employers steps to be taken jointly in order to overcome the 
shortage of Canadian students* 

Recommendation C3 

It is recommended that the universities maintain the situation 
where Canadians and landed immigrants constitute at least 
70% of the doctoral enrolment in any programme, at any one time, 
even though the number of landed immigrants may decrease* 

Recommendation 04 

It is recommended that the universities, the provincial government , 
and granting agencies consider the remarks of the consultants and 
examine the extent to which the limit to student income deters 
Canadians from entering graduate work* Means of supplementing the 
income of professionally experienced students should be examined; 
increased contacts between faculty and industry could lead to 
increased industrial support* 

Admissions 

ACAP does not support the view held by the electrical engineering 
consultants, namely that admitted doctoral candidates should have first 
class standing and proven research ability* Many students who graduate 
with high second class honours have become excellent research engineers* 
The usual minimum standard of the better departments is a high B and all 
the consultants agree that high standards of admissions prevail generally* 

Recommendation C5 

It is recommended that each Discipline Group monitor annually the 
admissions experience of each programme ( post facto ) and report on 
the quality of the admitted students to ACAP for transmission to COU* 

CODE agrees with ACAP on the annual £ost facto analysis of admission 
practices (page H-3). The chemical engineering consultants have suggested 
**that should it be found that students have been accepted who, in the 
opinion of the committee, do not fulfill the minimum requirements, the 
committee advise COU that a recommendation be made to the requisite 
authority suggesting no BIU be awarded for that student**. ACAP does not 
feel thin to be necessary at the present since regular reporting by the 
Discipline Group should exert considerable pressure if an institution 
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repeatedly admits students of a low standard. 

Undergraduate-Graduate Relationship 

Some consultants assert that each department should provide all 
levels of study; bachelor*s» master^s and doctoral. Some go so far 
as to say that a doctoral programme In each department Is essential. 
CODE» on the other hand, feels that what Is Important for a good 
undergraduate programme Is research and professional activity by the 
faculty » and that this can be carried forward without graduate students » 
although at present the research activity Is most easily carried on 
through graduate programmes (page H-3). ACAP agrees with the position 
stated by CODE and indeed applies it to all subjects > not only engineering, 
but with the comment that in many fields it is not difficult for a 
professor to be active in research without having graduate students. 
We would point out that the other position would imply that no department 
should exist unless it can operate an effective doctoral programme, 
a view which we find impossible to accept. The absence of sufficient 
research and professional activity by professors would raise questions 
about the quality of a department and hence of Its undergraduate 
offerings, whether or not it offered doctoral work. 

Thesis Quality 

Recommendation C6 

It is recommended that all doctoral thesis examining committees 
should have an examiner external to the university. 

Since some of .the consultants have made reference to the make-up of 
examining committees ACAP would wish to endorse this practice of 
including an external examiner. 

Critical Size 

We agree with CODE that there must be sufficient range of interaction for 
the student and that the judgement as to the presence of this interaction 
must include consideration of the involvement of persons outside the 
student* 5 department and should include post-doctoral fellows and research 
associates as well as students. Although these planning assessments 
were vertical, as CODE suggests, each department was asked to state the 
extent of this interaction in its university. We agree that there is 
no a priori reason why a small school cannot provide as satisfactory an 
environment as can a large school. The question is not one of principle, 
but one of fact: does university A in fact provide the requisite environment 
for interaction for the average student in its department X? 

Most of the consultants considered this question carefully and made specific 
comments but others provide no evidence that they examined the matter in 
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any of the universities. Wlille most agree that successful programmes 
can exist In small as well as large departments » the consultants still 
expecl a wide range of courses to be offered. This In turn requires a 
certain number of students to make the courses economically feasible and 
academically stimulating* 

Mobility of Students 

The chemical engineering consultants are concerned about the lack of 
mobility of engineering students. They do not consider it a good 
educational experience to study for all three decrees » the bachelor 's, 
the master* s and the doctorate, at the same university. Such a programme 
leads to Inbreeding and sameness and precludes any chance for the student 
to come In contact with different faculty , students , mllleji and methods. 

One sometimes hears a professor accept this In theory , but then say that 
in practice the student must not be prevented from going to the university 
of his choice. That view appears to us to be correct , provided the student* 
choice Is made on sound academic grounds , based on good Information of 
the opportunities that are available to him, and taking account, of 
course, of the undesirable aspects of remaining in one university. 

Recommendation C7 

It Is recommended that each Discipline Group and CODE develop 
proposals for making information on graduate work in all Ontario 
universities readily available to the engineering students, in some 
collective way and inform ACAP of the action taken. Each Discipline 
Group should report annually on the university last attended by the 
graduate students in each department. 



Part-time Programmes 

In 1972-73, 18% of the doctoral students studying engineering were doing 
so on a part-time basis. 65% of these students were Canadians and 
another 32.5% were landed immigrants. It would appear that these part- 
time programmes arc being used by the profession to upgrade the skills 
and knowledge of its practising engineers. 

The consultants seem divided on the Issue of part-time programmes, some 
saying ''such undertakings should be rarely encouraged** and others, 
*'full encouragement should be given to part-time doctoral programmes.** 
ACAP feels that there is a place for the part-time programme and that 
careful attention should be devoted to designing part-time programmes, 
bearing in mind the strengths of the departments. One of the dangers 
sometimes noted is that students become involved, under a part-time 
supervisor, in a project in an area in which the full-time staff has 
limited expertise; this is not recommended. 
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Reconroendatlon C8 

It is recommended that at the present any part-time or non-resident 
doctoral work should be by individual arrangement and that experi- 
mentation in this type of programme be encouraged. It is also 
recommended that the research topic of the student accepted on 
a part-time basis be in a field in which the professors In the 
department have expertise. It is recommended that OCGS exam^..^ 
existing university guidelines in this area. 



Cooperaf ion 

One of the main points that all the consultants agree upon is the need 
for increased cooperation both within and between universities. The 
chemical engineering consultants found a need for increased inter- 
action between the engineers and the pure science faculties. Some of 
the other consultants felt the need for more communication and cooperation 
between the universities and industry and government. LabClyi more 
effective use could be made of the resources in the province If the 
universities themselves joined together in some form of cooperative 
endeavour. CODE endorses this last point quite strongly in its 
response^ page H-4. Sharing of equipment » discipline meetings and an 
interchange of credits for graduate courses Are a few of the methods 
listed by CODE that are to be encouraged on the way to making this 
cooperation a meaningful and workable venture. ACAP concurs with the 
statements made by the consultants and CODE and strongly supports their 
implementation. 

ACAP Intends to request that each Discipline Group report regularly 
to ACAP on interunlversity cooperative arrangements. 



Faculty 

Two sets of consultants found enough disquieting evidence in the engineering 
faculties of the province to suggest that the requirements for a faculty 
member » eligible to supervise graduate students > should be reviewed and 
enforced. ACAP takes no position on whether or not there should be a 
sepatate Graduate Faculty » but there must be a mechanism to ensure that 
only those faculty with proven research ability and productivity 
supervise graHuate students. 

Since this concern has been mentioned in other assessments^ ACAP f^els 
It Is time that OCGS conduct a review of this area. 



Time to Reach DeRrae 



The electrical engineering consultants were concerned about the 
length of time taken to obtain the PhD* As they pointed out^ the 
average student at one university took 13-20 months longer to complete 
his doctorate than his counterpart at another university* As a 
whole 9 they found the average time of study to be excessive* 

Recommendation C9 

It Is recommended that the universities report to ACAP (for 
OCGS) each year on the time taken by each graduating student 
to complete his doctoral studies* 



IV. UNIVERSITY RECOMMENDATIONS 



Engineering was split into five separate assessments » one for each of 
the five traditional fields of engineering. Two universities » Western 
Ontario and Windsor, do not administer their doctoral engineering work 
along these lines but rather on an interdisciplinary basis that cuts 
horizontally across engineering. For this reason^ these two universities 
are being dealt with separately aad not as part of the more standard 
approach evident in the five assessment reports. Similarly » Guelph also 
Is Included in this section. 

University of Western Ontario 

The University of Western Ontario began to offer doctoral work in 
engineering In 1965. Since then^ twenty PhDs in Engineering Science 
have been granted. From the beginning effort has been made to emphasise 
its interdisciplinary nature and there has been a limited number of 
areas in which the student may do his graduate training* At no point 
has a doctoral degree been given in the so called traditional fields of 
engineering. 

There are seven main research areas in which a student may obtain a 
PhD In Engineering Science. They are !• Geotechnical 2* Boundary Layer 
Wind Tunnel 3« Chemical and Biochemical Process Development and Design 
4. Material Science 5. Systems 6, Applied Thermodynamics and 7« Applied 
Electrostatics. Environmental engineering aspects can be studied in 
all these research areas except Material Science. 

Western* s response to the collective engineering picture gives the 1973«-74 
enrolment as 29 F.T* and 13 P.T. doctoral students. In the additional 
data given to ACAP, 18 of the 37 current students* programme of study 
outlined were In the chemical engineering fields 8 were civile 3 mechanical » 
and 3 each In electrical and material science. 

The chemical engineering consultants have provided evidence of that programme* 
being of good quality. The systems research area depends heavily on 
chemical engineering. ACAP^ therefore^ concludes that the research areas 
Chemical and Biochemical Process Development and Design^ and Systems are 
of satisfactory quality. 

The metallurgical engineering consultants have recommended that the Material 
Science programme become a part of an interdisciplinary programme rather 
than an exclusively material science one. This was in part based on the 
fact that the group Is small and spends most of its time teaching at the 
undergraduate level. They are ^^carrying a large programme for a group which 
Is subcrltical In size.'' From the additional material supplied by Western^ 
there is 1 Ittle evidence of interdisciplinary activity for students who 
might be doing research in this area. ACAP concludes that this area should 
not be operating at the doctoral level. 
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The areas of mechanical engineering doctoral research work ar^ subsumed 
under the main research area» Applied Thermodynamics, The consultants 
Indicate that the doctoral research connected with heavy water Is of 
good quality but they raise very serious questions about the doctoral 
work In acoustics. They feel this area should be restricted to work at 
the master's level* 

The civil engineering consultants did not make comparative Judgements » 
but from some of the phrases used to describe the Boundary Layer Wind 
Tunnel Laboratory such as "Internationally known", ACAP has no reservations 
In recommending continuance of doctoral work In this research area, even 
though It appears to have little Interaction with other groups. The 
civil engineering consultants told us nothing about the Geotechnlcal 
area and we, therefore, had difficulty In recommending a position to be 
taken with regard to this field. 

The last research area. Applied Electrostatics, Is the most difficult to 
assess. The electrical engineering consultants have recomnended dis- 
continuance of the doctoral programme. They feel the students are 
getting too narrow a training In electrical engineering. We observe, 
however, that the students are not considered to be studying for a PhD 
In electrical engineering, but rather for a general degree In engineering 
science. Although there are only a few faculty members In this area, they are 
Internationally known. The main v^^oblem would, therefore, seem to be 
the extent to which the doctoral training In this area Is of an Inter- 
disciplinary nature. From the data available to ACAP, we are unsure. 

In the course of discussions with representatives of the University of 
Western Ontario, It became clear that the Faculty Is Involved In a 
thorough re-examlnatlon of Its doctoral programme. It Is committed 
to the concept of an engineering science PhD but Is reconsidering the 
appropriate areas of research. While It Is not entirely accepted by 
ACAP that all the activity Is noticeably different from tliat In engineering 
departments elsewhere, we nevertheless believe that this Intention of 
the Faculty should be encouraged. A corollary Is that It must be very 
careful about the research areas In which It accepts PhD candidates; we 
have already commented on these and note the standard of quality seems 
variable. 

These considerations have led us to formulate the following recommendation. 
Recommendation CIO 

It Is recommended that the University of Western Ontario continue 
Its examination of Its PhD programme In engineering science, and 
put forward the resulting programme for appraisal. In particular 
delineating carefully the areas of research In which It feels It 
appropriate to accept students. In case a favourable appraisal 
is not obtained by October, 1976, admission of new students 
should then be suspended. 
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Unlverslty of Windsor 

Early in 1971, the Faculty of Applied Science at the University of Windsor 
began to examine the structure of graduate programmes within the Faculty 
in order to improve their operation, avoid needless and costly duplication 
of graduate course offerings and to attempt to create a greater cross- 
fertilization of research by involving faculty members from different 
engineering departments in various facets of a larger research plan. This 
examination led to the recommendation that Graduate Studies be operated on 
a divisional basis, with the seven undergraduate departments being 
consolidated under three graduate divisions, namely Engineering Process 
Design, Structures and Systems. The three divisions would each elect a 
chairman who would decide on course offerings and enrolment levels. The 
three chairmen, one elected member from each division, one graduate student 
and the Dean of Applied Science form a Coordinating Committee to oversee 
and coordinate the wishes of the Divisions. This plan was approved in 
Spring 1972 and is now being implemented. 

Some of the traditional departments such as chemical and electrical fall 
completely in one division. All the rest are split between two as can be 
seer, in the attached Table 1. 

There are nine identifiable research areas, each of which have participating 
faculty from at leat^t two of the old departments and these nine areas are 
in turn divided fairly equally among the three divisions. 

The degrees awarded will retain the old titles, for example, a PhD in 
Chemical. Engineering, but the interaction of the individual student with 
others in the Faculty will be greatly enhanced. Depending on his research 
topic, the student might take as many as half his courses from professors 
In other departments*. 

The consultants* comments concerning Windsor vary, but a number of their 
reports Imply some doubt or uncertainty concerning the relevant departmental 
programme « either with respect to the situation at the time of their visit, 
or in connection with its future direction. The chemical engineering 
consultants suggest that Windsor be reviewed in greater depth. The metallurgical 
engineering consultants recommend the integration of engineering materials 
faculty In the new divisional system. The mechanical engineering consultants 
call for more emphasis on master •s work. In the case of electrical engineering 
the consultants Indicate that good work Is now being done in doctoral education 
in two fields, agree with the present plans for no significant growth in 
enrolment and for no expansion of fields, and go on to recommend a review 
after five years. 

In view of these considerations ACAP feels the University of Windsor should 
be given time to produce a viable interdisciplinary system of doctoral 
engineering studies before that system is brought forward for appraisal. This 
appraisal would determine the level of quality in the new divisional system 
and whether or not significant interaction has been achieved between the 
staff and students of the various departments. 
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Table I 

Organization of Engineering Doctoral Work at the University of Windsor 

a, 7, of Department Involvement In each Division 
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Reconimendation Cll 

It is recommended that the University of Windsor continue the 
reorganization of its doctoral work in engineering and submit 
all programmes (presumably these will be the three divisional 
programmes which are replacing the departmental programmes) , 
for appraisal when the new system has been in operation 
sufficiently long to permit a valid appraisal. Enrolment of 
new students should cease after October » 1977 if a favourable 
appraisal has not been obtained by that date. 



University of Guelph 

The University of Guelph has for sometime offered an interdepartmental 
PhD programme in Hydrology in which its Engineering School plays a part. 
It also plans to develop doctoral work in agricultural engineering, 
which it already offers at the master's level* There are no other 
programmes in agricultural engineering in the province. 

The matter of the interdepartmental programme would appear not to be 

central to this assessment. It would not be inappropriate for the 

Civil Engineering Diccipline Group to keep this programme in mind 

when carrying out the study called for in Recommendation C19. Nevertheless, 

it seems unnecessary to await the Discipline Group report to make the 

recommendation which follows.* 

From the planning viewpoint, there seems no reason to dc other than 
accept the University's intention to begin doctoral work In agricultural 
engineering, whenever it feels the time is ripe and the proposal has 
passed appraisal. 

Recommendation CI 2 

It Is recommended that the involvement of the School of Engineering 
in the hydrology doctoral programme at the University of Guelph 
continue and that the University begin doctoral work in agricultural 
engineering at a time in accordance with the University's plans, 
subject to normal appraisal procedures. 



* It may be noted that COU did not accept Recommendation C19. 
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V, CHEMICAL ENGINEERING 

This section of the ACAP report will deal with the recoimnendatlous found 
In the chemical engineering consultants* report. There will be no 
reference made to Western or Windsor since these two universities were 
mentioned In a previous section. It Is Important that the consultants* 
report and the university and discipline group responses be read at the 
same time as this ACAP report. 

Recommendation C13 

It Is recommended that the departments take note of the consult.ants* 
recommendation 10 to group research activities In well-defined areas 
so as to establish or reinforce teams ^ thus providing a more 
stimulating environment for students. 

Recommendation C14 

It Is recommended that McMaster University continue Its doctoral 
work In chemical engineering according to Its plans. 

McMaster specializes In process simulation, waste-water treatment , polymer 
engineering! chemical reaction engineering end catalysis, and transport 
and separation processes, with stronger emphasis on the first two areas. 
The consultants feel that McMaster *s goals for the future are ^'realistic** 
and appear to be ''achievable and productive**. 

Recommendation C15 

It Is recommended that the University of Ottawa continue Its 
doctoral programme In chemical engineering according to Its plans. 

The University of Ottawa specializes In three main areas Including 
thermodynamics and transport properties; kinetics, catalysis and reactor 
engln lerlng; and transport processes. There has recently ^een a shift 
towards a greater environmental emphasis. The consultants encouraged 
Ottawa to keep up with changes In the areas of research and graduate 
teaching and move Into these new areas whenever possible. 

Recommendation C16 

It Is recommended that Queen *s University reevaluate Its doctoral 
programme In chemical engineering In the light of comments made by 
the consultants concerning research activity of the faculty, the 
grouping of research areas, the awareness of new trends In the 
discipline, and the mobility of Its bachelor's graduates, and submit 
the programme for appraisal at the time that the University 
considers appropriate. If a favourable appraisal has noc been 
received by October 1976, enrolment of new students should be 
suspended at that date. 



-26- 



Queen*8 University specializes in the following five doctoral research 
areas; biochemical and environment engineering, chemical kinetics and 
reactor design, process control and simulation, thermodynamics, and 
transport phenomena. These areas cover most of chemical engineering 
making a rather uniform distribution of effort. The publication records 
of only two professors are very good, all the rest being average or low. 
This raises questions as to the activities of the faculty since their 
connections with professional and scientific societies can be described 
as **only mildly active**. The consultants feel alarm at the number of 
Queen's bachelor's graduates who undertake graduate work at the same 
institution. 

On the optimistic side, the consultants note that "the very excellent 
development planning and programme forecasting suggests that the 
department's goals and future research activities will be relevant and 
responsive to the prevailing needs of the province*'. 

ACAP suggests that Queen's might consider strengthening its present 
faculty, or alternatively, it might consider consolidating its existing 
wide scope of research areas. As to inbreeding of students, ACAP draws 
Queen's attention to Recommendation C7. 

Recommendation C17 

It is recommended that the University of Toronto continue its 
doctoral programme in chemical engineering according to its plans, 
paying particular attention to Recommendation C7 regarding 
mobility of its graduates and to Recommendation C13 concerning 
grouping of research areas. It is recommended that the University 
of Toronto report to COU through ACAP by June, 1975 on action taken 
in regard to this Recommendation. 

The University of Toronto lists eight areas of specialization, all of which 
show a rather uniform distribution of faculty effort. The exception is a 
marked emphasis on applied chemistry. The consultants would 1:1 ke to see an 
effort to group the staff in given areas of research Instead of the present 
policy of allowing a staff member **to select his own path**. The consultants 
did not find Toronto's statement on its plans particularly helpful and they 
offered no comment on it, other than to say that **it is doubtful whether 
any Increase above the present enrolment would be beneficial to these new 
students or to the student body as a whole**. The University of Toronto should 
also encourage mobility of its graduates to the benefit of other departments 
and of the students alike. 

Recommendation C18 

It is recommended that the University of Waterloo continue its 
doctoral programme in chemical engineering according to its plans. 



The University of Waterloo has grouped Its research activity Into five 
areas including biochemical and food engineering, extractive and process 
metallurgy, polymer science and engineering, mathematical analysis and 
control, and transport processes and kinetics* The scope Is wide, 
covering a large part of chemical engineering but, there are defined 
groups to coordinate the programmes* Although the consultants considered 
the statement of goals and objectives **less positive and definitive** 
than others, they were pleased to note Waterloo's Intention **to ensure 
research activities by the use of more post-doctoral fellows and hired 
research assistants (non-degree candidates) if this should become necessary" 
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VI, CIVIL ENGINEERING 

The report of the civil engineering consultants contains a number of 
important recommendations of a general character. 

Their discussion of the manpower situation supports our Recommendation CI. 
They suggest that %t would be wise to expect rather fewer students than 
the totality of the stated university plans. Considering the uncertainty 
of the manpower analysis and the size of the numbers involved , ACAP does 
r feel it desirable to formulate any recommendations about individual 
enrolment, ACAP does advise each university to consider the likelihood 
that the do;.toral enrolment in civil engineering may fall still further 
unless the fraction of Canadian students increases substantially from 
its present level of about 25%, 

Their comments that the ''study of a civil engineering speciality in depth 
necessitates increasingly some graduate work", reinforces our Recommendation 
C2 concerning publicizing the value of graduate work. 

They argue for more part-time work and closer liaison with industrial and 
governmental laboratories. Recommendations C2 and C8 touch on thi^ point. 

The consultants on pages A-18 and A-35 express their concern that stjdents 
tend to remain for graduate study at their undergtaduate universities , 
often being unaware of offerings elsewhere. We make recommendations on 
this problem in Recommendation C7, 

The consultants perceive a need for "more consistent requirements of 
acceptance^ , , .between universities". Although we do not recommend the 
particular remedy they suggest we do n.ake Recommendation C4 In this 
connection. 

On matters specific to civil engineeringi the consultants stress the need 
for more emphasis on fields other than structures. They call for less 
stress on "traditional areas, particularly structural engineeringi and more 
stress on multidisciplinary education i environmental engineering , and 
transportation". They suggest that "change of programme emphasis in civil 
engineering (will) lead to some growth in faculty when generally universities 
are expecting a fairly static period". On pages A-49 and A-50, they quantify 
this shift by asking for a 20% reduction in doctoral enrolment In structures 
(l,e, a drop of about 15 students) together with a corresponding increasei 
roughly equally in transportation and water resources. Perhaps rather 
surprisingly they then suggest that no university should offer a new field 
at the doctoral level, (On page A-52 they also suggest that no university 
reduce "the range of its doctoral progratmnes" but on page A--51 they add 
"unless that university desires otherwise",) 

The consequence of this stance i based on pages A-23 to A-29| is summarized 
in Table 2. 
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Table 2 

CIVIL ENGINEERING 



Possible Consequences of the Consultants' Recoimnendatlons 
on Enrolment and Field Emphasis 



Universities 


Fields 


Order of 
Magnitude 
of Enrolment 


Geo- 

technlcal 


Structures 


Water 
Resources 


Transportation 


Cnrleton 


S 


R 




I 


6 


Mc Master 




S 


I 




10 


Ottawa 


s 


R 


I 




17 


Queen's 


s 


R 






8 


Toronto 


s 


R 


I 


I 


25 


Waterloo 


s 


S 


I 


I 


30 



LEGEND: R - reduce enrolment 
S - static enrolment 
I - Increase enrolment 



NOTE; Guelph^ Western Ontario and Windsor are not 
Included In the chart as they are dealt with 
elsewhere. (See section on University Recommendations.) 
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There are '*^lculties in accepting these recommendations. For example , 
if one asks what the shifts of enrolment from structures would be, to 
total around 15, one comes up with something like: Carleton 2, McMaster 0, 
Ottawa 3, Queen's 2, Toronto 4, Waterloo 4, Looking then at transportation 
one finds doctoral programmes at Carleton, Toronto, and Waterloo which mi' \t 
increase by 2 or 3 at each place. One has to ask if this is the best wa 
to develop more high quality doctoral work* Would it be a better strategy 
to encourage Carleton, for example, to build a somewhat larger group than 
3 or 4 students? There is another concern* Are all the transportation 
groups of equal promise as places to do doctoi^al work? If not^ should 
some be strengthened more than others? If we really believe in penny* 
packet enrolments, could a fourth university perhaps enter this field? 
The consultants* report provides no satisfactory discussion of these 
questions to justify its proposals* 

Equally unsatisfactory, and perhaps more basically disturbing, is the 
consultants* failure to give any discussion whatsoever (with three small 
exceptions) of the facts and reasoning which led them to conclude that all 
existing programmes are satisfactory* This may be so, but the rationale is 
far from clear* As the appended correspondence (Appendix 1 to this section) 
shows » the consultants decline to discharge their terms of reference, in 
particular C3c and the paragraph following C3d* (See Appendix D)* 

In particular, although the matter of critical academic enrolment size is 
discussed in generally acceptable terms, in that the proposition is stated 
that there is no a priori reason to "v&sume a small school cannot provide 
as satisfactory an environment for a PhD student as a big school, the 
consultants neither state the characteristics of such an environment nor 
do they make any effort to show that it exists in the several small 
programmes they examined* Although it is no doubt possible to make the 
Justification in several cases, nevertheless a question must still loom 
unsettled as to the academic strength (from the potential students* 
viewpoint) of several of the programmes, namely Carleton, Guelph, McMaster, 
and perhaps Ottawa and Queen's* (None has been appraised*) Of course the 
consultants* report, due to the lack of rationale in it, gives no reason to 
suppose that the larger departments are necessarily of suitable qualify either* 

ACAP cannot Justify to itself recommending the acceptance of the consultants* 
plan, calling as it does for static enrolment, small shifts of emphasis 
in fields, and no new developments in any department* We feci that the 
question of the best way to develop doctoral work in transportation and 
water resources must be more carefully canvassed and that whatever the 
answer be it must be adequately justified* Some evaluation of the quality 
of the programme in each broad field at each university must be available 
before we can make any credible recommendation* 

ACAP would like, at this point, to draw attention to the Discipline Group's 
response. Appendix B* The members of the group feel the consultants did 
not "seize their unique opportunity to make quality judgements" and failed 
to "address themselves to the question of quality in the planning function 
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In their conclusions and recommendations.^^ The group thinks that a 
statement that ^Mocuments the sundry strengths and weaknesses. If they 
exists could well Increase the value to those on whom the responsibility 
for planning ultimately rests*\ ACAP therefore makes the following 
recommendation. 

Recommendation C19 

It Is recommended that COU recommend the continuance of the 
embargo on the funding of any new programmes In civil engineering 
until COU has accepted a Discipline Group report dealing 
adequately with the future role of each department In respect 
to the different fields of doctoral research, paying particular 
attention to the relative strengths and. weaknesses of each 
department and the change In emphasis on fields recommended 
by the consultants. The report should be submitted to ACAP 
by December 31, 197A. 

We regret that this recommendation Is necessary. We note (page A-5) 
that the Discipline Group had not prepared for the consultants the 
report called for by the agreed procedure (page D-6). We note also that the 
consultants state that they ^*have formed (their) own judgement about 
the strengths of different civil engineering departments and the areas 
In which they are likely to be able to attract high quality students** - 
we regret that the consultants are not willing to share these Judgements 
with the Ontario university community which employed them. 
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APPENDIX 1 



NOVA SCOTIA TECHNICAL COLLEGE 
0. BOX 1000 
HALIFAX. N. t. 



CIVIL tNaiNCCMINO 



21 February 1974 



Professor M.A. Preston 
Executive Vice-chairman 
Advisory Committee on Academic 
Planning 

Council of Ontario Universities 
102 Bloor Street West 
Toronto M5S 1M8, Ontario 

Dear Professor Preston: 

Further to our recent telephone conversations, I have 
now heard from all my colleagues who fully agree with my 
letter to you of 4 December 1973. 

As mentioned in this letter, we did not discuss the 
question of qu ility in our Report since none of the civil 
engineering doctoral programs were found to fall below 
minimum acceptable standards. 

Moreover, we did not feel the need, nor were we 
required by our terms of reference, to make relative qual- 
ity judgements regarding the strengths or weaknesses of 
individual areas or departments, because in our Report we 
did not recommend any change in the number or the range 
of doctoral i rograms offered by any school, including the 
various areas of specialization of the smaller universit- 
ies. 

Since the civil engineering discipline group, as 
well as most universities, find our Report on the whole 
acceptable, we think that little is gained by getting 
into an area which might be interpreted as an appraisal 
or accreditation assessment. 



Yours sincerely. 



G. G. Meyerhof, Head 
Dept. of Civil Engineering 
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c.c. J.L. Boulet 

W.W. Eckenfelder 

B.V. Martin 



NOVA SCOTIA TECHNICAL COLLEGE 
P. 0. BOX 1000 
HAUFAX. N. S. 



CIVIL CNOlNCERlNa 



4 December 1973 



Professor M.A. Preston 
Executive Vice-Chaiman 
Advisory Committee on Academic 
Planning 

Council of Ontario Universities 
102 Bloor Street West 
Toronto M5S 1M8, Ontario 

Dear Professor Preston; 

After returning from the west coast, I found your let- 
ter of 29 November and enclosures , which I read with inter- 
est. 

In reply and following our terms of reference r had 
not discussed the question of quality in our report since, 
in our opinion, none of the civil engineering doctoral pro- 
grams were found to fall below minimum acceptable standards* 

I am looking forward to the comments of my colleagues, 
in this regard. 



Yours sincerely, 




G. G. Meyerhof, Head 
Dept. of Civil Engineering 



c.c. J.L. Boulet 

W.W. Eckenf elder 
B.V. Martin 



o 
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ADVISORY COMMITTEE ON ACADEMIC PLANNING 



Ontario Council on Graduate Studies 

0 



Professor VI. A. fVcslon 
Exiriitixy Vicv^Chainmm 



( ()UN( II. OK ONTARIO UMVI.KSITII S 
102 Bloor Street West, lonmlii IKI, Oniarid 
(4161 ^20-6865 



Postal Code: M5S 1M8 



November 29, 1973 



Mr. B. V. Martin 
Prof. G. G. Meyerhof 
Prof. W. W. Eckenf elder, Jr. 
Dr. J. L. Boulet 



Gentlemen: 

I am enclosing all the university comments we have received on your planning 
assessment report and the formal response from the Discipline Group. You will 
recall that it is intended to publish these statements. 

You will see from the comments that there is considerable dissatisfaction in 
the universities and in the discipline group with your failure to come to terms 
with your task of giving us your findings on the relative quality of the doctoral 
work in the different areas of civil engineering in the different departments. 
We on ACAP have to agree that one of the most important aspects of the terms of 
reference you undertook is the statement of strengths and weaknesses of departments, 
and that without it the report lacks credibility. If you are asserting that all 
fields offered for doctoral work are competently dealt with wherever they are 
offered, it will follow that civil engineering is a paragon amongst disciplines. 
Even if true, it does not help the universities to decide which areas to strengthen. 

In one of the few specific comments, you do suggest that McMaster should emphasize 
earthquake engineering. Do you think its work in water resources is strong enough 
that it should seek to expand or maintain that, or, when you recommend greater 
emphasis on water resources, do you expect this to be achieved at Ottawa, Toronto, 
Waterloo and Windsor for example? McMaster (and the others) would like to know. 
You tell the University of Western Ontario to emphasize boundary layer wind tunnel 
work; but what about their geotechnique? Since Guelph now has 3 students in its 
hydrology programme, how can it be exploiting its unique facilities for agricultural 
engineering If its enrolment becomes 4 to 7? Is it expected to cut back on hydrology? 
To consider this, it would be necessary to know how valuable Guelph* s hydrology work 
is and how substantial is the potential of its agricultural engineering programme. 

I mention these points only as examples of the kind of question on which your adivce 
would be helpful. The general point is that your judgements of quality by department 
and by area are Important. You recommend that transportation be strengthened; we 
ask, where? If all the departments say •'here*\ how are decisions about resource 
allocation to be made without the quality Judgements you were expected to give? 



....2/ 



-35- 



One of the aspects of academic quality has to do with the size of the student 
onrolment* You will see from the university responses that there is some 
difference of opinion. The official position of COU, recently adopted, is as 
follows: 

**The quality of graduate programmes is partly dependent on size, and for each 
programme, depending on how it is designed and its scope, there is a minimum 
size of enrolment below which quality *nay suffer. That number cannot be expressed 
for the discipline as a whole but only for individual programmes depending on 
their purpose, their resources and their design.** 

Recommendation 4 on page 52 of your report is not inconsistent with the above 
statement, but you do not indicate what criteria determine the **sat isfactory 
environment." In ACAP we have identified two areas which we believe should be 
examined in this connection. One is the opportunity for the students* development 
through informal intellectual discussion with a peer group with common engineering 
or scientific interests. This peer group need not consist only of students; it may 
also include post-doctoral fellows. It need not be confined to one department, 
but may include students in other devjartments if there is a real sharing of research 
interests. The second main area for consideration has, we feel, to do with graduate 
courses. Assuming that a course with, say, 5 or 6 students who Interact is a 
much more satisfactory experience than one with 1 or 2 students, we see that the 
desirable enrolment size is a function of course structure. If there were a 
programme which did not require courses, this second criterion of size would not 
apply. But if it is felt that students should take a substantial number of 
courses ( as appears to be the case in all the Ontario departments), then the 
consideration is valid and the situation needs examination. 

It appears that some of our departments plan enrolments as small as 6 to 12. 
It may be that some of these departments, because of specialization, course 
structure^ post«Kloctoral and master's population and Interdepartmental collaboration, 
offer an academically sound experience for the student, while other departments 
with the same enrolment may not. Each case needs evaluation separately. 

This brings us back again to the desirability of your giving a detailed analysis 
of each university. We request evaluation of quality by area of study of each 
department, including an analysis of the kind of intellectual milieu established 
for a student by the enrolment size. 

I hope you realize that we have a problem of reconciling the reports of the 
consultants on the various engineering (disciplines. One report of which there 
seems to be pretty general approval is that dealing with electrical engineering. 
Of course not all its details are accepted by everyone, but the style and coverage 
of the report has not b^en attacked. I enclose a copy, since it may make clearer 
what I have been trying to say in this letter. 

After you have had a short interval to consider the letter, I shall telephone 
Professor Meyerhof to discuss the mechanism of your response. We need your assistance. 

Yours sincerely, 




M. A. Preston 



MAP/cew 
Enclosures. 
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VII* ELECTRICAL ENGINEERING 

This section of the ACAP report will 'ie;^l with the recommendations found 
in the electrical engineering consultants' report* There will be no 
references to Western Ontario or Windsor since these two universities 
were mentioned in a previous section* It is important that the consultants' 
report and the university and discipline group responses be read at the 
same time as this ACAP report. 

Recommendation C20 

It is recommended that the Discipline Group annually identify 
those areas of electrical engineering which they consider relevant 
• to the present and future needs of Canada and make their findings 
available to the granting agencies and various associations of 
industry in order to stimulate a continuing dialogue with industry. 

Other Discipline Groups might also consider this recommendation. 
Recommendation C21 

It is recommended that Carleton University continue its doctoral 
work in electrical engineering according to its plans. 

The work in electrical engineering at Carleton is divided into two departments 
Electronics and Materials Engineering which includes solid state device 
electronics, circuits and circuit theory, microwave electronics and electron 
beam systems and processes and the Systems Engineering programme which 
concentrates on Information systems such as communications and signal 
processing, decision and control, digital systems desiga and software 
engineering. The coverage within these two areas is well integrated, 
coordinated and appropriate for PhD training. The enrolment increase proposed 
by Carleton is within the competence and capability of the present staff. 

Recommendation C22 

It is recommended that McMaster University continue its doctoral 
work in electrical engineering according to its plans. 

McMaster has outstanding strength in three areas of graduate research and has 
plans to strengthen a fourth. These are communications and data processing, 
modelling and design, materials and devices and, lastly, medical electronics. 
The electrical engineering programme at McMaster is of high quality, with a 
productive and dynamic faculty. 

Recommendat igg C23 

It is recormnended that the University of Ottawa continue to offer a 
doctoral programme in electrical engineering restricted to theses in 
digital communication systems and large-scale systems* This 
limited programme is to be appraised as soon as possible. 
Enrolment of new students should cease as of December, 1975 if a 
favourable appraisal has not been obtained. 
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The department at Ottawa specializes In three areas, communication systems, 
control and systems, and computer engineering* With a faculty of 11, the 
consultants felt that they were spread over a rather large area of electrical 
engineering* A small department with a small number of staff and students 
can operate an effective doctoral programme only with competent professors, 
complementary fields of study and an adequate research environment. The 
consultants recommen^^. discontinuing the programme. ACAP has considered both 
the consultants* report and the university's comments and has concluded that 
Ottawa has a contribution to make to graduate electrical engineering study 
In operating a specialized programme of limited scope and enrolment. 

Recommendation C24 . 

It Is recommended that Queen's University continue Its programme 
In electrical engineering concentrating In the communications and 
systems fields, with occasionally a student In cognate areas of 
electronics and energy processing. Any proposed substantial 
developments In these latter two fields would be submitted for 
appraisal. It Is also recommended that the department maintain 
enrolment at Its present level. 

The areas of specialization at Queen's are communications, systems, 
electronics, and energy processing. The consultants state that the vork 
In communications Is good but Is only fair In systems, and that the 
Department should not offer a programme In the latter two fields on a 
regular basis. However, we suggest that an occasional student be allowed 
to do a thesis In one of these fields. ACAP accepts the consultants' view 
about enrolment which was made on academic grounds, not for planning 
reasons. 

Recommendation C25 

It Is recommended that the University of Toronto continue Its 
doctoral work In electrical engineering according to Its plans. 

Graduate work at the University of Toronto covers seven areas Including 
communications, computers, control, power devices and systems, solid state 
electronics, wave sciences, and biomedical electronics. The coverage of 
these fields Is more than adequate and Toronto's '*star-studded** faculty 
are spread over the seven areas Indicating significant breadth across the 
department. The consultants conclude that the Toronto department compares 
favourably with any of the major Institutions In North America. 

Recommendation C26 

It Is recommended that the University of Waterloo continue Its 
doctoral work in electrical engineering according to its plans. 

The University of Waterloo concentrates in five major areas including 
computers and communications; control, systems and networks; devices, circuits 
and materials; power engineering; and, antennas and electromagnetic 
engineering. There are two minor fields, bioengineerins and electroacoustlcs, 
and these fields should be limited in size to the present level ot activity. 
With Waterloo's highly competent faculty and well-equipped facilities, there 
is no question that the enrolment level planned by Waterloo can be accommodated. 

O 
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VIII. MECHANICAL ENGINEERING 



There are a number of general recommendations and comments made in the 
mechanical engineering consultants' report that are aimed at the system 
as a whole. Recommendations for the individual universities follow this 
more general section. 

The mechanical engineering consultants do not anticipate any oversupply of 
mechanical engineers. They believe no "artificial edict'' is necessary to 
control the number of PhUs. <^n the contrary, they suggest the problem 
will be one of availability of good students. The consultants think 
that Ontario might, in fact, have a shortage of mechanical engineers. 

"Traditional classical" versus "applied" research projects and a shift in 
emphasis of study are the next problems attacked by the consultants. They 
feel that the doctoral education of today should shift more towards project 
and design activity. To this end, they advocate increased dialogue and 
cooperation with outside agencies such as industry and government. "If 
we look at the problems before us today in the fields of energy, transportation, 
or the environment, it is apparent that there are many gaps in the knowledge 
which should be attacked systematically to provide the basic design data 
which is essential to advances in engineering and advances generally in 
technology on the broad front". The consultants also recommend a change in 
emphasis in fields of study. Some areas of research that need to be developed 
are listed on page A-14. 

The consultants do not condone departments that attempt to be good in all 
fields. They feel specialization is the key and that "considerable selectivity 
is required in the choice of a particular area of concentrated effort". This 
choice of areas of concentration should be left up to the universities. ACAP 
agrees with this outlook but notes that the initiatives of each department in 
Ontario are matters for collective consideration and advice. ACAP advises 
the departments to consider the consultants' suggestions noted in the addendum 
and asks that they report on progress made after a year of mature consideration. 
After this time, the Discipline Group, in its normal role, would continue to 
consider the development of new areas of graduate study and the possible entry 
into neglected fields in mechanical engineering in Ontario and would make 
recommendations to ACAP where change is desirable. 

Another problem the mechar: ical engineering consultants addressed was the one 
of faculty age. Since the ^ntario universities have been through an expansionary 
period in the sixties, a large proportion of the faculty is below 45 years old, 
consequently lacking something in ruinurity and industrial experience. The 
consultants feel that although the retirements in the next several years will 
be few, the universities should take these opportunities to introduce new blood 
by appointing faculty with industrial experience. 

It is Important that the consultants' report and the university and 
discipline group responses be read at the same time as this ACAP report. 
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Recommendations 

Recommendation C27 

It Is recommended that Carleton, McMaster and Queen's Universities 
continue their doctoral programmes in mechanical engineering and 
during the coming year give careful consideration to the feasibility 
of a stronger development of foci of interest in the special areas 
of strengths suggested by the consultants* The Universities are 
requested to report to COU and OCGS, through ACAP, during the Fall 
of 1975, on the results uf these considerations. 

The Mechanical Engineering consultants, in their addendum, give valuable 
suggestions for focussing research activities in each department. These 
suggestions appear to be based on both planning grounds and grounds of 
academic quality, but alternative research foci may not be ruled out. 
Consequently, ACAP recommends that the three doctoral programmes continue 
but that each university note the consultants* comments and report on 
progress in a year*s time. 

Recommendation C?8 

It is recommended that, if thr University of Ottawa wishes to 
reactivate a doctoral programme in mechanical engineering, it 
give careful consideration to allowing some further maturing of 
the department before applyiug for appraisal. 

The consultants, in their remarks concerning the University of Ottawa, 
page A-17, recommenJ that the work in the Mechanical Engineering Department 
be incorporated in an interdisciplinary programme leading to an undesignated 
PhD degree. ACAP notes the university response, page C-14, which states that 
they wish to ''reactivate'' the doctoral programme, before discussion of this 
new proposal* We do not at this time make a recommendation on the future 
form of engineering PhD work at the University of Ottawa. There appear to 
be no planning reasons why there should not be a programme at Ottawa in 
mechanical engineering, but the consultants have serious reservations about 
the suitability of a number of the research projects of the department and 
about the limited industrial experience of its staff members. 

Recommendation C29 

It is recommended that the University of Toronto continue its doctoral 
programmes in mechanical engineering in its Department of Mechanical 
Engineering and the Department of Aerospace Studies and Engineering. 
ACAP suggests that the University consider the consultants* recommendati 
of a greater concentration of research activities of the Department of 
Mechanical Engineering on major problems of national concern. It is 
recommended that the University inform COU and OCGS through ACAP, during 
the Fall of 1975, of any decisions taken* 
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We draw the attention of the University of Toronto to the consultants^ 
suggestion that the Department of Mechanical Engineering concentrate 
research on problems of majort national concern. UTIAS should note the 
consultants* comments on the need for selectivity within the broad 
spectrum of the expertise of the staff » in such areas as plasma science^ 
low density gas dynamics » subsonic aerodynamics » flight dynamics ^ 
Shockwave phenomena and noise. The consultants also favour increased 
interaction with work in related fields on the main campus. 

Recommendation C30 

It is recommended that the University of Waterloo continue its 
doctoral programme in mechanical engineering. ACAP suggests 
that the University consider the consultants* reconmiendation of 
a greater concentration of research ^ictivities on major problems 
of national concern. It is recommended that the University 
inform COU and OCGS tbtua^h ACAP, during the Fall of 1975, of 
any decisions taken. 

ACAP notes the consultants* suggestion that the department concentrate 
in Production and Automation. We also take note of Waterloo *s response 
which lists strengths in other areas. We recommend that Waterloo consider 
the consultants* idea of developing foci of research interest and report 
on any action thought desirable. 

The University of Western Ontario and the University of Windsor have not 
beea discussed here, since there is no need for any recommendations in 
addition to those in the section on University Recommendations, page 20# 
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IX. METALLURGICAL AND MATERIALS ENGINEERING 

This section of the ACAP report will deal with the recommendations found 
In the metallurgical engineering consultants* report. There will be no 
references to Western Ontario or Windsor since these two universities 
were mentioned In a previous section* It Is Important that the consultants* 
report and the university and discipline group responses be read at the 
same time as this ACAP report* 

Recommendation C31 

It Is recommended that the universities take note of the consultants* 
recommendations 1, 2, 3b and 3c , dealing with the weakness In certain 
fields of study In the province and that: the Discipline Group report 
to ACAP on any action taken In consequence of these reommendatlons. 

The consultants find It surprising that there Is so little effort In the 
ceramics and glasses fields of study* Even more striking to them Is the 
absence of any work In polymers In the Departments of Metallurgy and Materials 
Engineering. In their first few recommendations, they consider It very 
Important to rectify these neglected areas and ACAP feels this is a Job for 
the Discipline Group. They also feel It Is Important to strengthen already 
existing areas of study and In particular create at least one Internationally- 
known centre of materials science activity. 

Recommendation C32 

It Is recommended that McMaster University continue Its doctoral 
programmes In materials science and extractive metallurgy , and 
noting the strength attributed to these programmes by the consultants, 
make a report in the fall of 1975 on the following suggestions for 
Improvement: 

a. recruitment of students with physics and chemistry 
backgrounds 

b. strengthening of the extractive metallurgy faculty 

c* collaboration with Toronto 

The materials science programme at McMaster Is considered by the consultants 
to be the best programme of this kind In Ontario and probably In Canada* It 
Is the only programme that covers adequately the basic science related to 
all classes of materials Including polymers. The enrolment could be easily 
doubled without developing the need for any significant Increase In resources 
allocated to the programme, but enrolment, here. Is limited as In so many 
other areas of engineering, by the number of qualified students. 

The extractive metallurgy programme, although not as strong as the materials 
science one, provides very suitable research for the doctoral thesis. The 
range of the programme Is, however, Inadt^quate but cooperation with other 
McMaster Departments and with the University of Toronto will greatly enhance 
the operation of this programme. 
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ACAP suggests that McMaster consider the points put forward by the 
consultants and that the university report to ACAP on any action taken 
with regard to these recommendations. 

Recommendation C33 

It is recommended that Queen* s University continue its doctoral 
work in physical metallurgy and discontinue the doctoral programme 
in extractive metallurgy and mineral engineering as it now exists 
and replace it by an enlarged programme involving professors in 
other departments as suggested in the consultants* report. This 
new programme should be appraised and this should be completed by 
December 31, 1976. If Queen's does not wish to enlarge its 
programme in extractive metallurgy and mineral engineering, the 
present programme should be put forward immediately for appraisal » 
ceasing to enrol new students by June 30, 1975 if a favourable 
appraisal is not obtained* 

The consultants consider the programme in physical metallurgy at Queen's 
a good, traditional type of programme taught by young and talented faculty # 
Although it would make a suitable base on which to build a programme in 
materials engineering, the consultants do not recommenci that Queen's do 8o# 

The programme in extractive metallurgy, on the other hand, is not so well 
off. It is seen by the consultants to be inaaequate in its present form, 
with too small a range of courses, too limited an amount of research 
activity, and ineffective interactions with other departments and programmes. 
But the consultants feel it is necessary to strengthen and develop this lield, 
to provide the needed PhD graduates and maintain Queen's part in a history 
of leadership in Canada in mineral engineering, geology and related fields. 

The enlarged programme of extractive metallurgy is envisaged by the consultants 
to consist of support from the Departments of Metallurgical Engineering, 
Chemical Engineering, Mining Engineering and Geology. ACAP realizes that 
cooperation cannot be legislated, but it must have some formal structure in 
order to make the various professors aware of their part in a cooperative 
venture and secure the recognition of their departments for the effort 
devoted to the venture. 

Recommendation C34 

It is recommended that the University of Toronto continue its 
doctoral programmes In its Department of Metallurgy and Materials 
Science. It is suggested that Toronto give careful consideration 
to the consultants' recommendations concerning broadening the 
programmes and it i recommended that the University report to 
COU through ACAP Ij September, 1975 on any progress made in this 
direction. 

Toronto has an international reputation for Its graduate work in extractive 
metallurgy* Hov;ever, the range of courses is limited; this situation could 



be Improved through cooperation with McMastcr. The consultants feel this 
would provide a good base from which to develop a programme In mineral 
engineering and extractive metallurgy and they advise the university to 
do so, ^ 

In addition to those who work in extractive metallurgy there is another 
group of professors In the department who describe their work as physical 
metallurgy and materials research. These people working with added 
specialists In polymers and electrical and optical properties of materials 
would form a group capable of mounting a substantial programme in materials 
engineering. 

Recommendation C35 

It is recommended that the University of Waterloo continue Its 
engineering doctoral work In extractive and process metallurgy 
and In metallurgical engineering and materials science according 
to Its plans* 

l^aterloo has no specific progranne In materials and does not offer a PhD 
labelled as metallurgical engineering or any allied field* Instead) students 
are trained In extractive metallurgy in the Department of Chemical Engineering 
and there is a group of metallurgists and materials scientists in the 
Mechanical Engineering department. The consultants felt their effort was 
of such high quality that if this group were constituted as an administrative 
unit 9 they would be the strongest and most comprehensive graduate programme 
in materials engineering in the province. The consultants recommend setting 
up a separate administrative structure. However, the unit (all in one 
department) appears to function well without separate administration and 
ACAP does not feel that such a structure is imperative. Waterloo will, 
no doubt I consider the consultants* suggestion. 



-44- 



X. MINING ENGINEERING 



Queen's University offers the PhD in mining engineering. This is unique 
in the province. Although the enrolment is small, the programme appears 
to fill a distinct need. The University projects no enrolment increase, 
showing only 4 students in 1977-78. 

On the basis of the statement of future plans made by the University, we 
recommend: 

Recommendation C36 

It is recommended that Queen's University continue its doctoral 
work in mining engineering in accordance with its plans. 
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XI. INDUSTRIAL ENGINEERING AND SYSTEMS DESIGN 



This section of the ACAP report will deal with the recommendations found 
In the Industrial engineering and systems design consultants' report « 
It will contain recommendations on the Universities of Toronto and Waterloo, 
ACAP suggests that the University of Windsor take careful note of the 
recommendations made In this consultants' report but at this time ACAP 
makes no specific recommendations on doctoral work In Industrial engineering 
at Windsor since It Is part of the earlier Recommendation Cll. 

The general recommendations In this report echo many of those found In the 
earlier consultants' reports* These consultants' estimates of manpower 
supply and demand closely follow those made by the other consultants and 
are discussed more fully In thi; second part of this ACAP report. Related 
to this Is the need to Increase the Canadian content In engineering 
programmes. Recommendation^ CI and C3 refer specifically to these two 
points, 

.\CAP notes that the universities do not consider the establishment of 
a co-ordinating committee to be very Important* We hope that talks ara 
normally taking place between the three departments and that they will 
continue* ACAP feels there Is no need to set up a formal Discipline Group 
to ensure discussions but If those concerned wish to do so It can be arranged* 

Again, as In the other consultants' reports there Is seen to be a need to 
circulate Information to the student concerning the various programmes In 
order to ensure he selects the programme best suited to his objectives* 
This problem has been addressed by Recommendation C7* 

ACAP endorses the consultants' recommendations 6,7,8,9 and 11 and does not 
wish to make any particular comments on these recommendations* 

Recommendatlor C37 

It is recommended that the University of Toronto continue Its doctoral 
work In human factors engineering, management Information systems and 
operations research. 

In its response to the consultants' report ^ the University of Toronto seems 
in general agreement with the recommendations made concerning Its programme* 
ACAP notes that the Department has already made the appointment stiggested in 

recommendation 3* 

As far as future enrolment Is concerned, ACAP suggests the university continue 
to expect approximately the same enrolment as It now enjoys* in accordance 
with standard appraisal procedures, a shift In fields of specialization to 
programmes in health systems and energy systems would require referral to the 
Appraisals Committee to determine whether or not an appraisal Is necessary* 



A review of the enrolment expectations would be made at that time. 
For the present, a continued output of 3 or 4 PhDs a year should be 
expected by the university* This should not be regarded as a quota but 
rather as the outcome of the present situation of fewer qualified 
students and falling enrolments. It should be noted that the University 
of Toronto has maintained a high percentage of Canadians In Its Industrial 
engineering programme In comparison to other engineering programmes both 
In the University of Toronto and elsewhere. 

Recommendation C38 

It Is recommended that the University of Waterloo continue Its 
doctoral programme In systems design, 

ACAP takes note of the response of the University of Waterloo to the 
consultants* various recommendations concerning the Department's Isolation^ 
Its ''soft'' course content and the quality of recent staff appointees. 
Despite the possibility that enrolments may Increase In this field and 
despite the comments from the University, ACAP considers that Waterloo 
should give careful attention to the consultants* recommendations for 
strengthening the programme before Increasing the enrolment. 
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PRrMtDLE 

Chemical enRlncerlng, although one of the younger of the founding engl- 
necrlnR disciplines, has exerted a maior beneficial itnpact on the material 
t/cll-beine of mankind. In contrast to the other engineering disciplines 
such as civ 11, mechanical, electrical, etc., chemical engineering is based 
more broadly on the science of chemistry and equally broadly on the sciences 
of physics and mathematics. As a consequence, a chemical engineer has a 
unique element of flexibility or competency because of his knowledge of 
chemistry and how to apply it on a large scale to effect and control the 
chemical change of matter. By keeping abreast of advances in chemistry, 
the chemical engineer is able continually to apply these advances for the 
benefit of mankind. Prior to the present era of concern for and protec- 
tion of the environment, chemical engineers contributed principally to 
Industrial and economic growth through the development of new products, and 
the development of processes for manufacturing these products. Equally 
Important has been the chemical engineer's role in Improving and making 
more efficient existing processes as the fundamental chemical and physical 
phenomena of these processes became better understood. 

To understand the reasons for the success and contributions of chemical 
engineering certain vitally important facta must be recoBnised. The con- 
tinued contributions of chemical engineering to the economic growth of 
Canada have occurred because research in chemical engineering in the 
universities has been productive a) in terms of industrially useful re- 
search results and b) in terms of the education of students at the PhD 
level who, because of their education have carried their skills and results 
of research into industry. It is not difficult to argue, therefore, that 
an adequate source and a continuing flow of PhDs in chemical engineering 
Is as essential to the future of Canada's development as any of the other 
natural resources of Canada. Chemical engineering will be a primary tool 
to help solve many problems of society. Some of which will be in the field 
of energy, recycling of wastes, resource management, product safety, etc. 

The proposition that chemical engineers trained at the doctoral level are 
(essential to Canada's future industrial and societal needs seems obvious; 
It nay not be as obvious that excellence in undergraduate engineering 
education can he maintained only if strong graduate research progrannes 
exist to serve as the f ountainheads for the continual flow of new know- 
ledrc and theory into curricula and courses. Professional engineering 
flchools whose proprammes have broad scientific bases must have PhD level 
praduate-research components with quality faculty, funds, and facilities. 



1 . INTRODUCTION 



1 • 1 Orlpln of Stjud^r and List of De pa rtmenta 

This report arises from the general review of PhD proRrananes in Ontario 
tinlversltlea belnp undertaken by the Advisory Conmittee on Academic 
rianninp (ACAP) of the Council of Ontario Universities* The rcT>ort deals 
with the pronrammes leading to the PhD in the Chemical Engineering 
Departments at:- 

McMaster University 
University of Ottawa 
Queen's University 
University of Toronto 
University of Waterloo 
University of Western Ontario 
t'niversity of Windsor 

This report looks at the scope, nature and quality of the PhD propranme, 
tlie typo of student It attracts and the employment prospects on nraduation, 
Recomnendations are made regardinf^ the future of these programmes in view 
of the concurrent discussions repardlnp the place and need for such pro- 
grammes in Ontario hip.her education. 

The consultants first aasenbled in Toronto at the end of Mav, 1973, for 
nrellninary brief inp, initial studies and conversations with the discipline 
rroup, composed of the seven department chairmen* On-site visits to the 
various universities took place In July, August and earlv September, The 
liraf t report vas assembled and completed before November 1st and submitted 
to Professor M.A* Preston, Executive Vice-Chalrman of ACAP, for transmission 
to ncnbers of the discipline proup for oral response which took place at a 
loint meeting with the consultants on Movember 9* The final report was 
submitted on the same day. 

1 • 2 Co nsultants 

Tho team of consultants consisted of: 

Pierre Orcnier, Doyen de la Faculty des Sciences, Laval t^nlversity, 

r^uehec City, Quebec. 
v.\ Robert Marshall, Dean of the College of Engineerinfe, Universitv nf 

Wisconsin-Madison, Wisconsin. 
Loo Yaffe, Macdonald Professor of Chemistry, McGill University, 

Montreal, Ouebec. 

Detailed curricula vitae can be found in the Appendix. 
^ • ^ I'l^fl^ ^pe^rand i^ f or \ ^is i t s 

Tiir follovrlnp Denartnents of Chemical Knpineerlnf* were visited bv all of 
the consultants for the Period of time listed; 
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KcMaater University 1^ days 
University of Ottawa '| 
Queen's University 

University of Toronto 2 '| 
University of Waterloo " 
Unlversl'.y of Western Ontario 2 " 

University of Windsor I 

\1hile the order of events varied from university to university, yet a 
typical visit Included the following: 

(1) Discussion with the chairman on departmental policies re^ardlnp 
graduate work. 

(2) Discussion with departmental officers concerned with graduate 
student admission policies and procedures. 

(3) Discussion with staff members regarding their Individual research 
Interests as they concern graduate students. 

(A) Visit to research laboratories and Inspection of facilities. 

(5) Visit to computer, workshops and library facilities. 

(6) Informal discussions with PhD students (In absence of staff 
members, with one exception) . 

(7) Discussion v;lth Dean of Engineering, Dean of Graduate Studies 
(or Vice-President 1/c Res'^arch or Provost, etc.). 

rach department supplied to the consultants, through ACAP, the following 
data: 

(a) 5-Ycar Plan of the Department (approved by appropriate officer 
In the university) for PhD work. 

(b) List of present faculty and detailed curricula vltae, as of 
rjovember, 1972. 

(c) Numbers of faculty, master's students, PhD students, and 
post-doctoral fellows (1968-69 to 1972-73). 

(d) Dep.rees held by faculty and country obtained. 

(e) Distribution of faculty by age. 

(f) NRC, DRB, MRC and other operating grants. 

(fr) :iunber of PhD theses supervised by individual faculty, 
(h) Detailed description of research Interests of faculty. 
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(i) Numbers of undergraduate degrees awarded from 1967-68 to 1971-72. 

(j) Country where first degree was obtained for master's and PhD 
students (1968-69 to 1972-73). 

(k) Curricula vltae of some PhD students. 

(1) Sources of financial support for graduate students. 

(m) Length of time for a student to obtain a PhD degree, 1969-70 
to 1972-73. 

(n) Emnloyment survey of PhDs, 1968-69 to 1972-73. 

(o) Ifajor departmental equipment (costing more than $5,000). 

(p) Many reprints of research publications. 

(n) On renuest, details of graduate student applications (numbers, 
origin, initial rejections, numbers of application forms sent 
and returned, acceptances, no-shows, etc.), 

(r) On request, evaluations of theses by external examiners. 

1 .A Ac kn ow! e dginen t s 

The consultants gratefully acknowledge the Invaluable assistance rendered 
bv Miss Susan Cale and Professor M.A. Preston. The former supplied the 
invaluable documentation listed above. Professor Preston briefed the 
consultants and was always readily available for consultation. In addlti 
the consultants appreciated the help given by the rest of the COU staff. 

The consultants also acknowledge with gratitude the cordial reception 
riven to them In all of the departments visited. A great expenditure of 
tine and energy on their part was obviously necessary, prior to and durin 
the visit. This made the visits very profitable and for this the consult 
<ints <ire grateful. 



2. SUMMARY OF GENERAL EVALUATIONS 



2 • I Scoj^ e of Chev\ical Engineer Inp 

Chemical enpilneerlnp has generally been described as the application of 
the physical sciences to produce « economically for the benefit of mankind i 
materials and products from processes Involving chemical or physlco- 
chenlcnl change • However, the scope of chemical enRlneerlnR has broadened 
durlnp the past decade as a result of the rapidly growing problems of 
society and hence the chemical engineer In the next decade not only must 
apply his knowledge of the natural sciences but must utilise knowledge 
of the social and behavioural sciences* Thus* chemical engineering Is 
entering a new realm wherein manifold societal values coupled with a 
United ranpe of presently-known technically feasible alternatives result 
In the decision-making processes becoming exceedingly complex. Because 
In meeting social demands present technology nay not be sufficiently 
advanced, the need for research to develop new technical alternatives is 
clearlv apparent* 

Only by understanding as completely as possible the scope of chemical 
engineer Inf^, both now and in the future , can a Drocess or a programme 
for the education of chemical engineers be wisely developed* Hence, it 
is essential to evaluate existing and planned programmes of education, 
especially those at the PhD level, in terms of a rational frame of refer- 
ence • 

2 . 2 Objec tives J)^ Jthe^ Pj^H Programme in Chemical Engineering 

Inasmuch as the objectives of the Programme are concerned, the key concept 
Is certainly a form of **advanced training in problem-solving*' in a con- 
stantly widening field which was traditionally limited to the chemical 
and process industries hut nov^ encompasses important aspects of the environ- 
ment, of energy conservation, of resource management and development, etc* 
This concept is universally accepted, as a valid objective either implicitly 
or explicitly in all the Ontario departments* 

Tlic method by v;hlch this is carried on is really a modern form of apprentice- 
5;hlp in which the interaction between the student and his supervisor is the 
olercnt of paramount importance* This has to be complemented however by 
acnulsltlon of deeper knowledge in some specialty through formal teaching 
and by Interaction with an intellectually stimulating group of fellow 
students and faculty members. 

Hone of the essential components of a frame of reference for a PhD 
nroTranne evaluation should then be: 

(a) PhD research should have a chemical engineering character and 
objective. 

(b) Thn research should have not only immediate but also long-ranee 
relevance to the extent the latter can be predicted* 
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(c^ All nodrrn tools for sirnlflcnnt research should.be nvallable. 
T^hcy Include nodern computers i libraries, shops » and other 
rnlated services, 

(d) ViaMe relationships should exist amonp the research nroernTwcs 
and their noalsi tho faculty, the students and employers or 
CMStoiners for tho l*hn chi»mtcal cn<>lncer, 

2.1 Chemical rn.<!lneerinp vs Chemical Ennlneerlnn Science 

III contrast to the situation In th<» various disciplines of pure science, 
where research associated i^lth doctoral studies is alm.ost Invarlablv of a 
fundamental nature, additional research avenues are open to chemical enr,!- 
necrinp f^raJuate students because of the very nature of ennlneerlnn whose 
cjoncral purpose la 'to make' rather than •to find'. I'hr /er these avenues 
arc railed - applied or mlsslon-orlented research, devel. -txt or deslfxn - 
thov represent hard-to-def Ine and overlapping: realities, 

^urln<? the last quarter of a ccnturv, a bodv of knowledge, specific to 
chcnlcal en?lneerlnq, has developed In areas such as transport phenomena, 
reactor design, modclllnR and simulation, etc; these areas are fundamental 
and can be most appropriately classified as chemical enpineerlnp science, 
Rencarcb has been and continues to be needed In manv of these areas to fill 
to rran between exlstlnp knot^ed^e and applications. 

In Ontario as well as In the rest of Morth America, chemical en^lneerlnf! 
facultv have deployed by far the larc^est part of their research activities 
in chemical engineering science. This Is not sutprlslnct, considering the 
policies of the most Important granting aeencles servlnp the universities 
and the emphasis put on scholarly trork i^hich will lead to the diffusion of 
knowledge through publications In scientific lournals as a reeulrement to 
a successful university career, 

I'owever, such research orientation plus university policies have caused a 
serious neglect of the more 'enplneerlnp' aspects of chemical enf^lneerlnr; 
e,P,, the production of materials, design of processes and enuipment, syn- 
thesis of systems, the improvement of the quality, reliability and effi- 
ciency of processes, safety, etc. 

The advent of new prantln^ nroerammes, mostly of the mlsslon-orlented tvne, 
should help to restore a more suitable balance between fundamental enel- 
neerin(> research and research concerned with annllcatlon and design In the 
universities. In the Ontario departments of chemical enplneerln^, trends 
in this direction are already clearly evident. These trends should be en- 
coura<!ed bv p.overnment. Industry and supported bv the university, 

^.^ Coverage of Field by Ontario Universities 

Tn >»cneral, both research and the doctoral nropramme In chemical cnclneerlnc 
are well develoneH In Ontario. 

Althounli there are now In all departments efforts to croup researchers 
Q into definite areas, the present situation Is the result mostly of the 
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individuals' initiative. Accordinf. to the C.S.ChE method of clasalfying 
research areas^ (see Section 6. 14) the field of chemical engineerinR^ 
least as far as fundamental research Is concerned t is very well covered 
in Ontario and, to a variable extent » in the majority of the individual 
universities themselves. 

If a decision were made to coordinate research efforts by assigning 
selected areas to selected universities » this would mean major shifts 
of emphasis for many faculty in the majority of departments* and would 
disrupt the research activity rather seriously » at least for the tran- 
sition period. 

Tliere is room in the Ontario system at the present for more activity in 
applied research and development. 

2 . 5 T he Job !tarket and Meed for Pro i? »ranines 

One of the most precarious and hazardous endeavors of surveys and fore- 
casts is the prediction of engineering manpower needs. Examples of 
inaccurate and misleadinfi; forecasts are numerous t and it is difficult 
to assess the damase to national needs and economies created by such 
erroneous forecasts. Probably the most damaging results from erroneous 
manpower surveys are on the careers of young people who believe implicitly 
in the accuracy of the forecasts and proceed to make career decisions which 
may not be their preferred choice. Even at this period In timet students 
are witnessing a complete reversal of the predictions of the past three 
years that there will be a scarcity of jobs for engineers in the next 
• decade. Thus as we observe « as a result of these forecasts ^ dramatic 
reductions in engineering enrolments ^ at the same time we also observe 
thatt in factt a serious shortaf;e of engineers can occur during the next 
five years. 

Survey specialists have yet to develop reliable forecasting techniques. 
They must improve their abilities to recognise that new engineering and 
technological developments and societal demands havet and will continue 
to make forecasts of manpower needs highly uncertain. We need only cite 
as examples the developing engineering career opportunities in medicine ^ 
in environmental control and regulation^ and in safety^ risk and insurancet 
to underscore the uncertainties in forecasting the needs for profession- 
ally educated manpower. 

Accordingly t the evaluations of the PhD programmes in chemical engineering 
by the ACAP consultants were only mildly concerned with the question of 
the job market for PhDs In chemical engineering. A general assumption 
was held that the PhD chemical engineer by virtue of his education possesses 
such a powerful potential for career opportunities in a variety of fields 
that the question of the job market was not too relevant to the assessment # 

2 . 6 Role of Chemistry Dep artm ents 

The essential differences between chemistry and chemical engineering are 
well recognised. It surely is a truism however that chemistry must play 
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a unique role vls-^-vis Its <»nr,lneerlnft counterpart. The importance of 
a p.ood chetnlstry department In a university which expects a pood chemical 
en«lneerlnR department cannot be over-stressed. In addition pood Inter- 
action between sucli departments Is essential. It Is dlstresslnp to see 
how few such scholarlv Interactions exist, as was found durlnp the tour 
of the Ontario universities. 

Some chemistry departments are excellent by International standards. 
:4evertheless very little attempt Is made by the chemical enplneers (and 
vlce-versa) to avail themselves of these talents, even thouph In many of 
the chemical enplneerlnr departments visited, the research work not only 
Is Indlstlnpulshable from that done In chemistry departments, but Is often 
published In chemistry journals I 

Cood Interaction was howevr^r. In peneral, found at the teaching level. 
:^ost of the basic chemistry courses are taupht by the chemistry department*. 
In some cases concern was expressed that courses are not peared to enpl- 
neers, but dissatisfaction appeared to be at a low level. The notable 
exception is at the University of Toronto where the interaction between 
these departments is so small that, apparently for historical reasons, 
virtually all the basic chemistry courses taupht to enplneers are taupht 
by the Department of Chemical Knplneerlnn and Applied Chemistry. Although 
many teachers of these courses were initially trained as chemists, they 
have lonp since ceased to rub shoulders with fellow-chemists. This seens 
to be a rather serious academic problem at Toronto, especlallv since a 
very hlj;h percentape of the PhD students obtained their first depree at 
Toronto. Surely it would be salutary to have chemistry taught to the 
students from several view-points! Tlie situation can be exemrtllfled by 
the fact that even those enrlneerlnp undergraduate students who change 
their final poal to medicine or dentistry are taupht auxiliary organic 
chemistry not by an orpanlc chemist but by a chemist in the Department 
of Chemical Enplneerlnp and Applied Chemistry. 

2«7 fiIlEioj!Eyit>JIlo^.nec^t^ 

Detailed lists of tvne of employer and peopraphlcal location of positions 
taken by PhD praduatcs as their llrst job after praduatlon since 1969 are 
nhovm in Tables x.lO (where x refers to the code number allocated to the 
university department). Ulth very few exceptions positions were available 
for these PhD students on nraduation. The survey of the situation as of 
January 1, 1972, showd little chanp.e in the positions occupied by these 
cliemlcal enrlnoers. 

Thus, at the present rate of praduation of PliD students, job opportunities 
should not he an Influenclnr, factor in any decision. 
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3. RECOICIENDATIONS 

On the basis of their findings and conclusions the consultants reconanend: 

1. That, if indeed a suitable basis for planning the development of 
PhD prop.rarmes in Ontario universities were found, such planning 
should be done separately for the various individual branches of 
enpineerinp, (e.p, chemical, civil, etc.) rather than for englneerinp. 
as a whole; 

2. That, considerinr, the length of tine required to establish a high- 
quality rUD pror.ramne, no short-term considerations should be 
involved in any planning; 

3. That the PhD programme be regarded as an integral part of the total 
educational process in chemical engineering, and by its presence 
strongly influencirj» progrannes at other levels in a given 
university; 

4. That no university havinp a bachelor's and a master's programme 
be prevented nermanently from offering a doctoral programme; 

5. Tliat because no evidence of major overproduction of PW)s in 
chemical engineering in Ontario exists, the total population of 
PhD students in the province as forecast and desired by the 
departments not be reduced significantly during the next five years; 

6. That, considering the decreasing numbers of Canadians registering 
in PW) programmes in chemical engineering, appropriate steps be 
taken to inform: 

1) potential candidates of the value of a PhD degree in many 
phases of government and industrial activities, and not only 
in research and development; 

2) employers, both in government and industry of the premium 
value of the chemical engineer with a PhD in many phases 
of their activities in addition to research and develop- 
ment; 

7. That, PhD programmes in addition to the usual scholarly goals, 
have as one of their aims an effort to develop entrepreneurahip 
in students since this is a quality so badly needed at present 
In Canada; 

8. That, since there is never a valid reason for producing a second- 
or third-rate PhD, no student be admitted into the graduate 
training programme, either at the master's or the PhD level, 
unless that student has obtained in undergraduate training, the 
equivalent of at least a B level; 
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9. That there be establlghed a Post-Entrance Acceptance Conmlttee 
(PEACE) composed of representatives from all the chemical engl-* 
neerlnn departments enftapied In PhD education; and that this 
committee meet within a period of less than one month after the 
academic year has commenced, and that all acceptances be reviewed 
post facto, all available data belnr, presented to this committee; 

That, should It he found that students have been accented who, 
in the opinion of this committee, do not fulfil the nlnlmum 
requirements, the committee advise the Council of Ontario 
Universities that a recommendation be made to the requisite 
authority supr.cstlnr no Basic Income Units be awarded for that 
student; 

10. That, either in the financing of PhD programmes or by other 
means, the Government of Ontario take steps to strongly encour- 
age mobility among the graduates of the universities of the 
province so that a fair portion of them take higher degrees at 
universities other t^an at the one which awarded them their 
bachelor's degree: 

11. That efforts be continued in the departments to group research 
activities in well-defined areas so as to establish or reinforce 
teams, thus providing a more stimulating environment for the 
students; 

12. That PliD programmes be the responsibility of only those staff 
members who have a proven or potential satisfactory research 
productivity and capability of supervising students; and 

That consequently, universities adopt and publish policies which 
confirm the provision of equally valid career opportunities in 
other areas of university activities such as teaching, student 
guidance and administrative duties^ for those professors who 

have no special Inclinations to participate in PhD programmes; 

13 • That the case of a department v;hlch during the next five years 

has not maintained an average ambient population of at least 
ten PhP students of the caliber specified in recommendation 8, 
be reexamined by the appropriate authorities with a view to the 
temporary suppression of the PhD programme; 

14. That the department at the University of Toronto, whose high 

standards are so well known, make every effort to see that 
these standards are disseminated throughout the Ontario system 
by recommending to many of its best undergraduates that they 
take their PhD training at another Ontario university: and 

That efforts be made to attract stimulating students from other 
chemical enpinecrinr departments to take their place; 
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That the department at the University of Toronto pay particular 
attention to reconmtndatlon 11; 

That In addition Iraprovementa be made to stimulate general 
students' Interests by more seminars, regularly scheduled 
graduate courses, etc; 

That the case of the department at Oueen's University be plven 
particular attention by ACAP In the light of recommendations 

3, 12 and 13; 

That the case of the department at the University of ITlndsor be 
p.lven particular attention by ACAP In the llpiht of recommendations 
2 and 3, and In consideration of the present excessive number of 
departments of chemical enr.lneerlnf?: In Ontario; and 

T>"»r this case be invcstlrated in p.reater denth than the present 
study has allowed: 

That, In the event of any action taken with regard to the present 
recommendation and recommendation 3, very special consideration be 
p.lven to all aspects of the relocation of staff members who In 
tite opinion of the consultants, are the resoonslblllty of the 
Ontario university system. 
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4. CHEMICAL ENGINEERIMC AS A DISCIPLINE 

A , 1 Traditional Concepts 

Chon»lcal engineer inf» hetran vlth a stronr emnhasls on annlled chenlstrv. 
In its early years, chemical enrlneers developed unit operations as a 
basis for chetnlcal enRlneerlnff education and practice. The concept of 
the unit operations Is unique with chemical engineer InR. It was recognized 
that chemical engineering processes and the process Industries had de- 
finable operational steps which could be quantitatively described as unit 
operations. The unit operations served oulte adenuately as a base for 
chomlcal engineering education and the process Industries for many years. 
Heat transfer, drylnp, filtration, mlxlnr, evaporation, particle size 
reduction, absorption, distillation, and other unit operations were the 
foundation stones for chemical enj»lneerln;» as a discipline and the unit 
operations were synonymous with chemical enplneerlnR up to the end of 
Uorld l/ar II. 

^ * 2 New Developnents 

Durlm? the two decades after V.'orld War II. chemical enplneerlnp be^an 
novlnn away from the unit operations as Its fundamental educational 
Platform to a more scientific rationale for education In chemical enpl- 
neerinp. V/lille It was still recognized that chemical manufacturing 
processes were composed of chemical reactions and unit operations, the 
sciences underlylnj? these operations ber.an to receive Intense study 
throurh research In chemical enplneerinr In both the universities and 
some Industries. As a result, new Inslphts and approaches were developed 
to problems Involvlnp the separation processes - the hallmark of chemical 
enrlneerlnp. Thus chemical engineering research produced a rational 
approach to heat, mass, and momentum transfer and gave these processes 
the general title of the t ransport pr ocesses. Alternate titles have 
been transfer processes , and transj)ort or t ransfer phenome na . Regard- 
less of the title used, the scientific infegratlon of these three basic 
chemical engineering processes laid a new foundation for chemical engi- 
neering education and research. 

Another Important post-war development which had major Impact on all 
engineering research and education was the development of powerful, 
high speed computers. Computers dramatically changed chemical engineer- 
ing design procedures; they opened entire new vistas for research In 
reactor design, process control, modelling and optimization of complex 
systems: thev permittfid exceedingly sonhlstlcated new experimental 
methods In research whereby cor.r>uters combined with new instruments 
can be used not only to control tsxperlmcnts but also to simultaneously 
analyze and process the results. Thus, modern chemical engineering 
research appears to be United only by the ingenuity of the researcher 
and the availability of funds. 

^'ith the advent of the decade of the 70 's, chemical engineering has had 
to expand its disciplinary horizons to meet the growing concern of the 
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impact of technology on society. Thua, chemical engineering plant 
design Is now dramatically affected by environmental regulations and 
constraints; methods of environmental monitoring and control will 
require Instrumentation development by chemical engineers: the growing 
need for enerr.y will create ooportunltles for chemical engineering to 
develop new appraches to chemical energy sources and storage: e.fi»» « 
hydrogen energy storage economy. Society's continuing use of techno- 
logical advances will in turn produce new challenges to all of engineer- 
ing to eliminate potentially ill effects from technology's applications. 
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5; MATURE KtlD OBJECTIVES OF THE PHD PROGRAMMES 

5.1 Student Qualifications and Requlremente 

It Is unrealistic to discuss the PhD programme without at the same 
time considering the master's programme. The latter Is very generally 
a prerequisite and although It has obiectlves and a market value of Its 
own I It serves also as a screening process for admission to doctoral 
studies* Furthermore I some departments have combined requirements In 
course work for the two degrees • 

The master's degree In chemical engineering Is an excellent terminal 
degree for those students who do not seek a career In research and 
development* In actual facti however « manv of those who do obtain 
positions In Industry find themselves Involved In research projects. 

There are two types of master's degrees available In Ontario engineer* 
Ing schools; one Is the traditional scientific degree; the other Is a 
mister's of engineering directed toward professional practice. The ACAP 

rsultants were cognizant of these A^pt^^b^ and although the master's 
degrees were not the prime subject of evaluation 1 they were noted as 
belnn Important but variable waynolnts on the route to the PhD. 

Ttie obtaining of the master's degree la often a good occasion to move 
to another university for further training. This practice however^ Is 
not too frequent In Ontario. 

Normally the screening procesfi used by Ontario departments of chemical 
engineering starts with admission to the master's programme. This process 
Is quite selective and great care Is taken to accept only those students 
with proven scholastic achievements. Generally a 70!^ or B-f average at 
the undergraduate level Is required plus recommendations from persons who 
know the candidate well. Large numbers of applications are received annually 
by practically all departmental mostly irom foreign studentSi many of whose 
credentials are difficult to evaluate. The general Impression Is that the 
desired level of Quality la maintained although some complaints were voiced 
that 'other' departments were accepting students of lower calibre. Many 
qualified admitted applicants do not register In the end simply because 
of the lack of financial support. This applies mainly to foreign students. 
Canadian students who If qualified » In general could preferentially obtain 
financial support 1 do not apply for a variety of reasons 1 e.g. avalla* 
blllty of positions on graduatloni an attendant fear of scarcity of jobs 
lateri etc. It can be said that the total slse of the student body In the 
master's programme In Ontario Is limited at present by the availability of 
such financial support. 

In principle the duration of studies Is between one and two years. 
Although the lower limit Is certainly approprlatei the higher on#! appears 
somewhat excessive. The fact that students seem to work shorter 
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hours than In the paat may be a partial explanation of this. Another 
reason Is that the chances of obtalnlnp. publlshable results Increase 
with the scope of the project and this Is of great Interest to faculty. 
Consequently, the total time required to obtain the PhD Is Increased 
accordingly with much r.ore serious potential consequences. 

Admission to doctoral studies Is mostly based on staff judgements of the 
student's performance at the master's level. For students from other 
universities a staff committee usually examines the applications and 
recommendations. It must be noted however, that for admission to any 
level of r,raduate studies, the department has the authority to accept 
or reject an applicant but the final administrative decision to accent 
la the prerogative of the Faculty of Graduate Studies or Its equivalent. 

At the doctoral level, the student must usually take additional r,raduate 
courses and often undergraduate specialized courses In his field or In 
others. They are selected upon recommendation of the student's research 
director or advisory committee of staff members, ajxain depending on the 
university. 

The choice of a research supervisor is in principle a free one and 
follov;s intervlex^s and discussions \7ith faculty. However, many foreign 
students do not have the benefit of this free choice. Upon admission 
to the university they are many times told that onlv certain professors 
can offer them financial support and on the condition that they work in 
the field of the professor's choice. 

PhD qualifying examinations arc in the process of disappearing frorn 
those Ontario departments where they once existed. They are being 
renlaced by sometimes totally different forma of examinations. There 
are many variations among the universities in this connection but 
everywhere this is taken very seriously. A typical form of this exam- 
ination would be the x^rltten submission by the student of a so-called 
research proposal containing a survey of the literature, a description 
of the research project, of the apparatus and equipment to be built or 
used and of the experimental conditions together with the alms of the 
work. 

In many departments the doctoral student has to give a yearlv seminar 
on his renearcJi work. 

The doctoral thesis Is evaluated bv a committee of three or four special- 
ists in the field, one of ther. normally chosen outside the university 
where the thesis is nresented. The oral presentation of the thesis is 
either private or semi-public. In the first case, only the committee 
is present: in the second, any interested nerson in the university can 
usually attend. 
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^ • ^ Trai ning, of •tinds ys TralnlnR of Spe cialists 

Doctoral studies In ennleerln;; on a sizeable scale are relatively 
new In Ontario universities, and for that matter In other Canadian 
unlvorsltles, except for cherical enplneerinot denartnents vhich have 
lunil a lonper exnerience in this resnect, nosslbly because of fomer 
associations with chemistry departments. They developed ranidly durlnp. 
the expansion years of the sixties. The nror.rannes were modelled after 
those existing in the United ntates and also those In pure science In 
Canada. Durlnp that period cvervone was too busy to snend anytime on 
tlie ohiectivcs of a doctoral pror.ranme. It was intuitively felt that 
tho research worl- nnri the writlnp up of a thesis were the essential 
insredlents, torethcr with a few advanced courses. The whole concept 
was nore or less taken for r.ranted. 

Durinn. the aforementioned period, a larr.e pronortlon of PhD graduates 
••ero absorbed by the university system throuchout Canada. Since research 
noney was available In incrcasinr: amounts and there were practically no 
other constraints, younr staff members most naturally launched research 
nrojects which were, in practically all cases, a direct continuation of 
their o\m doctoral thesis. A notion pradually developed among themselves, 
their students and even the reneral public that they really were spe- 
cialists In a Riven field or specialty. In a developing economy, this 
was taken for f;ranted and of course Influenced successive crops of PhDs. 

For those new PhDs who took up employment In government departments or 
in industry, they very seldom had the same freedom except In the choice 
of Job. However, they were less influential in shaping the directions 
of the on~p,olnR research prop.rammes in universities. 

Uhcn the economic recession of the late sixties came, the job market 
shrank appreciably. Universities were not hlrlnp new staff at a rate 
comparable In any way with that of previous years and, also Canadian 
Industries and government anencles curtailed very seriously their re- 
search activities, which had up to that time been an Important Job 
market. 

Because many freshlv praduated PhDs refused to accept positions in 
industry that did not involve essentially research activities and 
because many voices in the public began to be heard concernlnp over- 
nroduction of overly-specialized PhDs, the universities were compelled 
to re-evaluate their situation. 

Tlic concept of a PhD pro^ranme considered as a higher level for train- 
ing onpineers in solvinc problems of uider scope, bep.an to emerge. It 
implies that a PhD is not necessarily trained for strictly research 
activities, and that he can and should envisape othrr nosslbilities, 
directly or indirectly related to research or development. 

Durinp discussions vith faculty on the occasion of visits to the uni- 
versities, it was found that this concept was quite penorally accepted 
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althoup.h very few people had thought it necessary or useful to crystal- 
lize it in any form of a statewent of objectives. While it is somewhat 
surprising that few chemical enRineering departments made any detailed 
statement on this aspect in their written submission to ACAP» some of 
the expressions of the PhD programme philosophy and goals are note- 
worthy. In spite of their generality, the following excerpts bring 
out many essential points: 

"The object will be to train problem-solving engineers, whose 
knowledge is sufficiently broad that they can make themselves 
useful in a wide variety of endeavours. It is essential that 
the doctoral engineer have the depth and the breadth to innovate 
and invent. The depth in certain areas is necessary to provide 
the practical precision that is required in modern innovation. 
Rut a broad picture of the physical world together with a know- 
ledge of markets and of industry is also necessary''. 
(University of Toronto) 

"Tlie object is to prepare students to adapt readily to any situation 
calling for a chemical engineering solution, and to utilize their 
problem-solving abilities, gained through research and courses 
during their PhD studies, in various areas of technology". 
(University of Ottawa) 

'To develop the full academic potential of students (...) 
To contribute to knowledge (...) to contribute to the maintenance 
of industrial strength and to foster the development of new 
strength in both primary and secondary industries". 
(Queen's University) 

A detailed statement may not be absolutely essential and moreover 
complete uniformity among all universities is certainly not desir- 
able. 

It vill suffice to indicate that the enhancement of the problem-solving 
abilities of the engineer is achieved through a combination, in pro- 
portions that can vary of the following elements: 

a) acquisition of depth of knotrledge through forrnal courses and 
personal study; 

b) development of ingenuity and versatility in facing nev; problems 
or situations through various types of interactions with his 
research director, with other faculty and with fellow students; 

c) training In intellectual discipline by tnean:< of seminar present- 
ations and thesis writing. 

The lnflu*»«ce of the research director will of course be nredomlnant and 
great care should be exercised In the decision to associate him vith 
graduate students. 
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In some ways, the doctoral proprame In chemical enfilneerlnp. will thus 
slightly differ fron others, In pure science for example, rjevertheless 
It nust be a scholarly endeavour which, while serving Its prlnary 
puroosc of tralnlnp a future leader In his profession, contributes to 
knowledr.e and to the art of the engineer. 

5 . 3 ;:atur e of Rese arch rro|ect for ThesJ^ 

The type of tralnln? obtained by the PhD student depends on nanv factors: 
tho reneral cllnate In the department, the size of the department and 
the resultant interaction with other students or proups, the particular 
conceptions of his research supervisor on enRlneerinf research and so on. 
But paramount among these will be the t-.-ie of research in which he is 
Involved durinp, a period of three, four or more years. Although thev are 
not easy to delineate, the follov»lnr, cateporles are frequently used: 
fundamental or basic en^ineerins science, applied science and develop- 
ment, and finally enf?lncerlnp deslpn. Chemical enriineerinp research 
projects that can he identified with one or two of these categories have 
repularly, and still are, being carried out not only in Ontario univer- 
sities, but all over the world. 

5.3.1 Fund amental Engin eering S clfe. ue 

During the last quarter of a century, a body of knowledge has emerged 
and has partly developed which is really a new realm which can be called 
fundamental engineering science. This is particularly true of chemical 
engineering. 

Transport phenonena in their trore basic aspects are a good example. The 
detailed knowledge of the behaviour of solids, liquids and gases v;hen 
subjected to fields of various types of potentials, such as velocity, 
pressure, temperature and concentration potentials and of their behaviour 
in rultl-phasc systems, is really a part of science and is, in Itself, 
Quite remote from applied science or technology. 

The complete understanding of multlvarlable chemical systems prior to 
their optimization by neans of tathematlcal tools is another example. 

In many cases scientists have abdicated or lost Interest in traditional 
areas of their fields which are eipecially relevant to the needs of 
chemical engineers. This is true of thermodynamic properties of mix- 
tures and of catalysis, for example. The chemical engineer has had to 
move into these fields in an effort to obtain the missing fur.danental 
knowledge required for eoulpment design, for chemical reactor design, 
for fluid flow in porous media, fluid mechanics of complex fluids, etc. 

This type of research is of course more curiosity-oriented than rlsslon- 
or application-oriented. In manv cases it is not distinguishable from 
the type of research carried out bv many scientists . A graduate student 
Involved in a research project of tills type will evidently have to tackle 
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problems that are quite different from those encountered In strictly 
applied or nisslon-orlented work. Ills training, will to a decree be closer 
to that of a scientist such that his viewpoint and approaches to problems 
will be in the manner of the latter, which differ in frame of mind and 
conceptions from those of the engineer. 

5.3.2 Appli ed Sc ience. 

The concept of applied science is much more difficult to formulate. 
Desides statinp that it concerns the application of existing. knowled;»c 
to a nev or different situation, there is v^'v little that can be 
added to clarify the definition without encroachinft on the adjacent 
domains . 

It may also be thouRht of as development although many will claim that 
it comes before development in the total innovation process. One con- 
venient definition would be the transformation of science into techno- 
logy. From the ennineers' point of view however, this would involve 
development . 

Accordinn to another interestinp definition, applied science would be 
what leads to immediate practical or industrial applications: process, 
neasurin<T. or controllinr device, material, service, etc. 

Tltis evidently not the archetvne of university research in the traditional 
sense since the results of this kind of research work lend themselves 
less easily to publication in scholarly journals and since one of the 
missions of the university is the diffusion of knowledge. 

Traininr, in this type of research is useful to large numbers of chemical 
engineers: although Ia". is encountered in doctoral propramnes, it may 
receive less attention than it deserves. 

5.3.3 Engineerinp, Desip.n 

Thin has been the subject of much debate in the past. The enfiineer in 
effect, and even the one with the most complete training., will, very 
frenuentlv have to deal with design nroblems. In the wider definition 
of the term, desipn is the operation by which science or technology is 
complemented or supplemented by an inout from the art, which may be 
experience exclusively, in arriving at a reasonable, and if possible 
the best, solution to a technical problem. 

ThtM contldttAtlont l««d to «pp«rmt conflict with tho trtdltlonal doflnl- 

tion of scholarly work dealing with the pursuit of new knowledge exclu- 
sively. This conflict need not be more than apparent if the design work 
is <!enulnely oripinal. 

Very fev; of these theses arc seen, but the importance of the traininp. 
it would rive the student warrants further experimentation in this 
avenue . 
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5 • 4 Trenda In Ontario Depa r tment s 

Ourinp the expansion years of the last decade, Canadian cnRlneerlnR 
schools have recruited their new faculty In a vast tnajorlty of cases 
anonR younp PhD r>raduates fresih out of university or nosslbly havlnn 
had a post-doctoral experience of one or two yearh In another unlver-* 
slty laboratory. Industrial experience Is sonethlnp, of a rarity awonp 
engineer Inp; teachers hired recently. 

This situation Is the result of a sustalneu effort from practically all 
schools to Increase the scientific content of curricula and to develop 
research and p.raduate studies. A very rood measure of success has been 
achieved towards these goals, In particular by chemical enftlneerlnR 
departments. 

Research Interests of younger faculty usually are In the field, some- 
tires quite specialized, In which they did their doctoral work. Further- 
more, they are encourar:ed In this direction by the complete freedom 
riven them by their main source of research funds, the National Research 
Council of Canada. It has been the policy of this agency, even vlth 
the recent austerity constraints imposed by the federal government, to 
encourage and generously support good original research. Its most 
Important single programme, that of Operating Grants, has been in 
operation for many years in exactly the same fashion for university 
staff in engineering and in pure science. The Grant Selection Comm- 
ittees in the various branches of enpineerlnp evaluate applications by 
means of the same yardsticks as has always been current practice in the 
pure science committees: quality of previous work, scientific interest 
of proposal and productivity of the applicant. The latter, as measured 
by the number of papers recently published In refereed journals, is 
obviously the easier to use and has al\mys been overwhelmingly important. 

To adapt themselves to this system, engineering faculty have been in- 
creasingly drawn towards fundamental research which leads more easily 
to publications in scientific journals. As a result applied research 
and development have been seriously neglected. 

^^ather recently, the ^latlonal P.csearch Council has launched programmes 
of entirely different types which it hones vill divert part of the 
research interests of engineering faculty towards problems closer to 
the industrial reality. These new pronramnes have been received with 
great enthusiasm and if means of providing continuing support through 
then can be devised they will contribute immensely towards establish- 
inp a better balance between fundamental and other types of research. 
Such new programmes can also produce an increased demand for PhDs. 

Anotlier trend which is Important in achicvinfr this goal and which has 
become quite noticeable in Hntario depnrttne^ts of chemical engineering, 
is the funding of untversit ' research by nlsslon-oriented federal and 
provincial government agencies* Here again the accent is on solving . 
rftal practical problems. 
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These opposite trends show that profesiors are more versatile than we 
arc sonetlnes r.iven to understand and that universities need not be 
'havens of Irrelevant research'. 

It should be remembered that doctoral work In chemical enplneerlnf* Is 
relatively new with one notable exception. In Ontario universities as 
well as In Canada at larp.e. It Is still time to shape the research 
prop;ranmes In a way that Is suitable, as part of the normal activity 
of teachers of future, practitioners . 

5.5 Job Profile s for the Che mlcaLAQM!LgAgi.q£-glig. 

The PhD chemical engineer has a remarkably wide range of Job opportun- 
ities because of his broad education In contrast to other PhD dis- 
ciplines. For reasons which are Identifiable, the PhDs In chemical 
enj^lneerlnp, appear to have a degree of flexibility which permits then 
to make substantial professional and technical contributions to many 
industrial areas, as well as In the managerial arena. This Is due. In 
part, to the unique base upon which chemical engineering Is built. It 
Introduced very early Into Its educational programmes basic concepts 
which are finding popularity today under modern terminology. The early 
concepts of mass and energy balances (fundamentally related to stolch- 
lometry), optimization of operations, mass and heat transfer analogies, 
etc., are now popularly taught as systems, optimization, modelling, 
etc. These have long been the chemical engineer's 'stock-in-trade'. 
As a result, he Is especially flexible and adaptable to function In 
today's Industry and society, because his educational concepts are 
applicable to a wide range of problems. A partial list of the fields 
onen for PhDs In chemical engineering Is shown below: 



1. Process Industries (Chemical, Petrochemical, Minerals, 
Pulp and Paper, etc.) 

a . Development ; 

b. Research; 

c . ?fanagefflent . 

2 . Government 

a. Environmental Control Agencies; 

b. Regulatory Bureaus; 

c. Consumer Protection; 

d. Research Agencies. 

3. Private Research Institutes 

Insurance Companies 

a. Reliability and Risk; 

b. Analyses and Forecasts. 
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Consulting 
Education 

Biomedical Engineer InR 
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6. AMi^TSIS OF THE OMTARIO SITUATION 

6.1 Co^intd 8f tiatio. 1972-73 







Table 6.1.1 














1 


PoDulations 

s 


• 

d 


f 




8 

U 










i 


1 


1 


1 


» 


Full-Tim Staff 


IS 9 


12 


28 


28 


11 


7 


Full professors 


7 4 


4 


16 


13 


5 


2 


Assoeists professors 


3 2 


s 


6 


10 


J 




Asslstsnt professors 


5 3 


3 


6 


5 


3 


1 


Bachelor's degrees 

mttmrAmd 1973 


14 7 


39 


SI 


67 


8 


9 


Full-Tlae aester's 
student excluding 
non- thesis degrees 


27 14 


9 


38 


19 


34 


4 


Full-Tiae PhD students 


14 14 


11 


29 


36 


15 


i 


Full-Tine PhD students 
of Cansdian origin 




6 4 


6 


8 


7 


6 


2 


PhDs awarded, 1973 




3 4 


1 


11 


11 


2 


3 


Post-doctoral fellows 




4 3 


2 


12 


13 


0 


0 



ERIC 



A-24 



Table 6.1.2 

Research funds, exc l uding unlverslty-orlp.lnated grants (1972-73 ) 



Total Research 



of Faculty 





Grants 




Receiving 
Grants 


Total Grant 
per Professor 


:icMaster 


112,440 


80 


7,496 


Ottawa 


104,825 


100 


11,627 


Queen's 


72,200 


83 


6,016 


Toronto 


548,360 


82 


19,584 


t.'aterloo 


295,990 


89 


10,962 


Western Ontario 


123,500 


91 


11,227 


Windsor 


22,800 


86 


3,260 



*These represent minima, since In some cases, 1972-73 data other than 
from rniC, were not listed, and some curricula vltae nay have been 
Incomplete. 

6.2 Comments on Sta f f Size 

Some Important characterl«tlcs of the chemical enr,lneerlnf, educational 
system In Ontario appear ?.n Tables 6.1 >1 and 6.1.2. One aspect of 
Table 6.1.1 that Immediately comes to mind Is the large number of 
departments offering proRranmes for the full spectrum of deprees: 
BSc or BEng., MSc or the equivalent and PhD. This Is Illustrated by 
the following comparisons based on estimated populations for 1971. 

Table 6.2 ^"^ 
C'f> -..T.lcal EmUncering Departments. Canada and USA 



United States 
New York State 
Canada 

Canada less Ontario 
Ontario 



Number of 
departments 

138 
13 
17 
10 
7 



Population 
(millions) 

207 
18.6 
21.6 
13.9 
7.7 



Dept/mllllon 

0.67 
0.70 
0.79 
0.72 
1.10 



ERIC 



^A.I.ChK., Chemical Hnglneerlng Faculties, 1972-73 
Grace, J.R., Chemistry In Canada 25 (7), 12-14 (1973) 
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The number of departments for Canada does not Include Laurent Ian Univer- 
sity, Royal Military College, UQAC and UQTR. Moreover, about 20Z of 
U.S. departments do not offer PhD prograsnnes. It thus appears that If 
the density of departments for the rest of Canada Is of the same magni- 
tude as In the United States, the Province of Oncer lo Is much more richly 
endowed from this point of view. If Ontario had only six departments, 
the ratio would be 0.78; with five departments It would fall to 0.65. 

The size o^ Ontario departments In full-time faculty ranges froei 7 at 
Windsor to 28 at Toronto and Waterloo, the arithmetical average being 
15. A. Two departments, Toronto and Waterloo, differ considerably from 
the others In else* In fact the average site of the other five depart- 
ments In 10.6 which Is very close to the 9.7 average for the rest of 
Canada. 

There are many reasons for the large site of these departments. Both pro- 
duce great numbers of bachelor's, each of them graduating approximately 
80 chemical engineers yearly, a figure t^lch Is nearly double that of the 
closes competitor. In both departments, a non-negllglble portion of the 
teaching load Is devoted to undergraduate teaching of chemistry, physics 
or methematlcs. Furthermore, Toronto, being a department of chemical 
engineering and applied chemistry, has a larger number of activities In 
the latter field. Finally, the cooperative system operated at Waterloo 
calls for a larger staff. 

Tims, taking due account of special cases, Ontario departments appear to 
be close to the average else, the comparable U.S. figure being of the 

order of 9. 

The total number of full-time faculty seems to have grown at a somewhat 
larger overall rate (197! compared to 14Z) In Ontario than In Canada* as 
a whole for the four-year span ending In 1972-73. Noting that the figure 
for the entire country Includes the rank of lecturer, there Is some 
doubt that this difference Is of much significance. However, the total 
number of full-time faculty has kept growing slowly during the last three 
years while It remained constant In Canada, again Including lecturers. 

The Ontario syntem makes up 557, of Canadian faculty In chemical enel- 
nccrlng and trains 59% of the PhD students. 

There doed not seem to be In the departments any mechanism regulating 
their size, other than the operating budget provided by the Ontario 

Oovcrnnent . 

6,3 Coimaents on Staff Qualifications 

In an Attempt to determine the desirable aualltles of the thesis super- 
visor, one might arrive at a Hit such as the following! 

- academic training to th« PhD degree Inclusive; 
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- Intense research activity as evidenced by publication records 
(grants received, theses directed, invitations to lecture, etc; 

- natural disposition to communicate easily with graduate students 

- availability (without exa^cr^eratlon) to the students. 

It Is readily found that these qualities are more and more difficult to 
evaluate as we go down the above list. The laat ones are next to Im* 
possible to assess but they nevertheless make the reputation of the 
advisor amonr, actual or prospective students. 

In all Ontario departments of chemical engineering the staff academic 
qualifications are all that could be desired with very few and very 
nlnor exceptions. 

Of no department can It be said that the staff has a unlfomally good 
record of publication or of theses directed, or of research grants 
received, with ages and experiences being taken Into consideration. 
In many a case there Is an excellent nucleus of faculty which carries 
the major part of the load and the rest of the personnel plays a lesser 
role. In other departments such nuclei are smaller and less visible. 
Each department has to be assessed separately. 

6 • A Comment^ on Physical Faci l ities 

All departments seen to be well-equipped with modern physical plants. 
Including laboratories, offices, etc. The laboratories are well equipped. 
Facilities nowhere were found to be an obstacle to high-quality research. 

« 

6 . 5 Comnents on Supportlnr Facil ities 

4 

With relatively few exceptions these were found to be very good. Comnuter 
facilities are excellent everywhere. Shop facilities In general were 
satisfactory, although policies varied wltii respect to their use and 
accessibility. nnp,lneerlnp library holdings v;ere found to be f»ood. The 
inter-library loan system is a source of conplaint in some of the unlver- 
sltler.. Other deficiencies are noted in the individual assessments. 

6 . 6 Comments on._Cooperatlon with Oth er Dep ar tments 

In fi;eneral cooperation t;lth other enrineerinp departments is pood - in 
sone cases this is deliberately fostered due to structure, but in most 
cases it is individual contact that is important. Cooperation with pure 
science departments, other than at the teaching level, was found to be in 
need of Innrovemcnt. 

6 . 7 Comments on. St udent Selection 

The selection process actually starts at the admission to the master's 
ororramme since very fevr students p.o directly to doctoral studies after 



their baccalaureate. Everywhere the applications are nuwercue but come 
nottly from foreign etudents. The departmente then can 4hd,.in effect, 
all eeem to maintain rigid admlstion etandarde. Above this there is 
the financial support difficulty which often prevents a student from 
accepting an admission offer* 

The greatest danger wouli be the temptation to lower the standards of 
admission in favour of Canadian students since so few of them seem to 
show interest in graduate studies. 

At the doctoral level, It can, be said that each case is individually 
examined carefully. Student sWsctlon then seems to be very satis- 
factory. 

6.8- Comments on Ethnic Origins of Students 

One would normally expect that universities of apiven province would 
draw most of their graduate students and especially their PhD students 
from that province or could attract others from Canada at large with an 
additional complement of foreign students. This is not at all the sltua.- 
tion In Ontario departments of chemical engineering, but it is recog- 
nized that, it Is not essentially different from the situation existing 
in practically all Canadian departments. • 

Ontario statistics ind'.cate that the majority of PhD students over the 
past four years have been graduates from foreign universities, mostly 
in Asia and Europe. Moreover, between the years 1969-70 and 1972-73, 
the proportion of Canadians .decreased from 43Z to 31X of the total full- 
time PhD student body. During the same period the number of full-time 
PhD students remained practically constant with the exception of a lOX 
decrease in 1972-73. In absolute numbers, 60 Canadians were registered 
in 1969-70 but their strength had dwindled to 39 by 1972-73. 

During the serfs period, the number of full-time PhD students having the 
landed Immigrant status increased slightly to a figure of approximately 
70. , Foreigners with a student visa hav« been less Important in numbers, 
averaging around 17. 

It is interesting and important to realise the causes of such an overall 
situation, ao it can be claimed that the present else of the chemical epgl 
neering doctoral programme is in excess of the apparent needs of Ontario 
students. It would probably be closer to reality to say that it corre- 
sponds more to the needs of faculty researjch activities and precisely to 
the financial resources made available by granting agencies. 

In the earlv sixties, as the universities began to expand tremendously, 
doctoral programmes appeared everywhere both for prestige considerations 
and as a means of promoting healthy research activity among the staff. 
Budgets of granting agencies were also expanding at the time and the" only 
real problem was to find the students to man the programmes. Jobsweref 
very plentiful and interesting money-wise for graduating bacheiwp^ Ih/ . 



all dlsclplitiM of •nglnetrlng and It was difficult to antica tham to 
atay at tha unlvaralty for graduata atudlaa. 

At that tine, It vns the peneral conaensus amonp. university faculty 
that the only ncsslble irethod of bulldlnp a graduate and especially 
a doctoral proprarane v/as-to 'Inport'- students. There bepan to appear 
In scientific maRazlnes all over the world, advertisements, offerlnp, 
stipends to qualified students. It was honed that this would have an 
entralninent effect on Canadians. This never materialized fully, but 
developed In foreign countries a notion, still prevalent today, that 
financial assistance was easily available in Ontariq and other Canadian 
chcnlcal enf»ineerlnr. departments. 

Towards the end ot the decade and earlv in the seventies, a numbet of 
reports orlpinatlng from various sources, bepan first .i-o hint,' then to 
assert, that Canada was produclnp more PhDs, at least in some ^ciencle 
dnd engineer lnf» disciplinefi, than it could use. OrantinR agencies, led 
by the "ational Research Council of Canada,, bepan to restrict the use 
of their research monies to the support of. Canadians, or landed iimnl- 
'^rants to the exclusion of others. 

This new policy was not applied in concert with the Department of Man-- 
power and Innlgration with the result that the tendency for foreign 
students already in Canada to. apply and easily obtain the landed Imnl- 
f^rant status, was creatly enhanced. Those students who were in the 
systen at the tine were not affected by the new policy. 

It appears that doctoral students in Ontario departments of chemical 
enfrineerinp having a landed Immigrant status form a very complex ntouo. 
/ snail number of them may be the sons of landed limni»rants. Some 
probably came to Canada with the status. Intending to settle permanently 
in Canada. It is almost certain however, that the vast majority of thein 
were attracted by the Bursaries offered by research directors from their 
research grants and by departmental stipends for part-time demonstrating. 
In all probability, .they obtained the landed Inmigrant "status prior to 
or after their arrival in Canada on the basis of appointments such as 
research assistants, lecturers, demonstrators, etc. Th6 situation is 
further complicated by the fact that a number' of them obtained -their 
bachelor's degree at a Canadian university, possibly under special 
prorramr,ies such as the Colombo Plan. - 

One cannot help wondering what will happen to this group when the new 
Irjnlpratlon regulations begin to have their full effect, at a particular 
point in time when Canadians are not likely to replace them in large 
numbers because jobs are less plentiful for bachelor's who accordingly 
have a definite tendency to be much less 'choosy'. 

Statistics may be too fragmentary and the period for which they are 
available nay be too short ,to allow reliable conclusions on the effect 
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of Halting fliunelal tupport to Ctaadlafit and landod loilgranti. It 
hat hovovor, boon dalaad that r docroaoo In nuMboro duo to thooo 
rotulationo eoull alroady bo dotoetod In 1970 . 

6.9 Hobllltv of Graduatoe froa Canadian Unlvoreltloi 

In a oyotoa of oovon unlvoroltloo within ono provlnco, ono would oxpoct 
a fair aaount of aoblllt/ aaong graduato atudonta. In vlow of tho obvious 
advantagoa for a thoalcal onglnoor to obuln auecoaalvo dogroos at 
dlfforont unlvoraltloa , thua broadening hla vlotiro and hit training. To 
those Intrinsic values, there Is the added consideration of equivalent 
costs to the* students as scholarships^ afo usually tenable at any univer- 
sity, and burscrles froa grants are aviailable alaost everyvhere for very 
good student*. 

There is no concertad action aaong the universities in this direction. 
On the contrary one can feel a strong tendency, very noticeable in 
mailer departaents but by no aeans llalted to thea,' to ideiltify good 
proppectlve graduate students at the undergraduate level and to Induce 
thea to stay on at the saae university for graduate nork. . ^ 

It is not surprising then to find a low degree of aobillty aaong students 
and there is no reason to be satisfied with this siwuatlon. 

Certain departaents however, aanage to attract to a fair degree students 
graduating froa other Canadian universities. The dau reported in 
Table 6.9.1 refer exclusively to students who obtained their bachelor's 
degree at a Canadian university and Include graduaU students at both 
the PhD and the aaster's level. They Indies U for each departaent in 
absolute aeabers and in percentages, the relative contribution of grad- 
uates froa other Canadian universities to the total population of grad- 
uate students and to the population of students who are graduates froa 
Canadian universities. They are based on .the 1972-73 acadealc year 
which saw a sharp decllno (froa 286 to 236) In the nuaber of aaster's 
students. 

The figures base^ on the population of graduate students with a bachelor's 
degree froa a Canadian university are probably a better criterion as 
other factors such as the greater or lesser availability of research 
' grants to suppor,^ students or ipeqial arrangeaents with foreign countries 
aay distort the picture based on the total population of graduate 
students. However, the two sets of figures show the saae general trends. 



'Burns, CM., Chfiaistry In Canada 24 (9), 16-18, (1972) 
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• vT«bl« 6.9.1 

' • •. ■ ' ' ' ' ' . 

Population! of wdtiaf itudtnti with • bachtlor'i d»w 
fro« anothor Canadian unlvrilty In rolatlon 



Jo To 
Total population of Population of graduata atudants 
graduata atudants with a bachalor'a dagm froa a 

* Canadian Unlvaralty 





Nuabars 


Z 


Nuabars 


X 


McKaatar 


14/43 


33 


14/23 


61 


Ottawa 

• 


2/24 


8 


2/8 


25 


Quaan's 


4/22 


18 


4/16 


. 25 


Toronto 


8/65 


12 


8/38 


21 


Watarloo 


5/56 


9 


5/14 


36 


Waatarn 


11/30 


37 


11/16 


69 


Windsor 


0/10 


0 


0/4 


*• 

0 


Ontario 


44/250 


18 


44/119 


37 


Canada 


80/476 


17 


80/221 


36 



Thasa parcantagas, whatavar tha valua of tha critarlon is, Indlcata cha 
ralatlva appaal of tha graduata prograaMs (aastar's and PhD) at tha 
Ontario unlvarsltlas to Canadian bachalor'a In chaidcal anglnaarlng. 
Thasa young. paopla, in saaklng a sultabla unlvarslty for thalr graduata 
training will in all probability ba influancad by 

- tha raputatlon of a glvan unlvarslty as it is parcalvad by thMsaWas 
or by thslr advisors at thalr own unlvarslty; 

- racomndatlon from profassors or frlands, dlractlng thaa to a parti- 
cular, rasaarch dlractor; < 

V 

- •vallablllty of unlqua rasaarch programas in spaclal araas or flalds 
of Intarast: anvlronmant, biochaaical anginaarlng, ate; 

- availability of financial support; 

- ate. 

• • • • ' 

Most of thasa ara partial crltarla for axcallanca inasnuch as thay would 
not persist for a vary long tlna if thay wara not backed by axcallanca. 



On th« oth«t' hand, It !• gathmd £ro« eonvcriatloM ulU graduate 
tftudanta of foralgn origin that bcfora arriving In Caoi^* thay did 
not knoK nueh about Canadian unlmaltlaa apart fron what can ba 
laamad froa ealandara. 

McMattar Unlvaralty and tha Unlvaralty of Waatam Ontario aaaa to hava 
a ralatlvaly high powar of attraction for Canadians, tha Unlvaralty of 
*Watarloo tialng na«t. Although tha Unlvaralty of Toronto hat by far tha 
largaat nv-^ar of graduata atudanta who hold a baehalor*8 dagraa fro« a 
Canadian unlvaralty It aaaM to draw thaa BOttly fron Itt own vaat 
raaarvolr of baehalor*a which la of tha ordar of 73 yaarly. 

I 

In tplta of tha fact that tha yaar 1972-73 aaaaa to ba typical of tha 
racant paat, thaaa atatlatlci and conclusions ara basad on tha studant , 
populations for that yaar only and should tharafora ba usad with graat 
cars. 

Consldarlng tha populations of full-t las Canadian graduata studants orly, 
and *rlth particular rafaranea to tha acadaalc yaar 1972-73, tha quastlqn 
aay ba ralsad as to which ara tha larga dapartMnts and which ara tha 
aoall onas, as Tabla 6.9.2 will Indlcata.. 

Tabla 6.9.2 

pUulatlons of full-tlaa Canadian PhD studants 



Unlvaralty 


69-70 


, 70-71 


71-72 


72^73 


McMaatar 


13 


14 


9 


6 


Ottawa 


5 


6 


6 


4 


Quaan*s 


. • '■ 5 


6 


4 


6 


Toronto ' 


22 


17 


13 


8 


Watarloo 


10 


8 


9 


7 


Was tarn 


3 


2 


5 


6 


Windsor 




2 


2 .- 


2 


Total ^ 


60 


55 


48 


39 



Tha saallar flguras nay ba alslaadlng as thay aay only raprasant .tha 
aaaa studants ovar tha four-yaar Intarval. 



6.10 Co— ants on Studant DadlcatlOn 



Tha rasults of tha various salactlon procassas bafora admission to 
doctoral studlas can aaslly ba saan. In all dapartnants, tha graat 



* 
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■ajerlty of th« .graduate ttudanta appear to b« bright and artlculata 
young pdopla with a vary claar concaptlon of tha typa of training thay 
ara aaaklng and with atrong datarnlnatlo;! to achlava a poaltlva raault* 

Tha duration of doctoral atudlaa haa tandad to Incraaae In racant yaara. 
Thla may wall ba dua to tha graatar coaplaxlty of tha prublaaa tacklad 
and of tha aqulpaant and Inatruaantatlon naadad rather thad to atudanta' 
lack of d^lganca. Rovavar, thay do not aaaa to haunt tha laboratorlaa. 
or llbrarlaa In tha avanlnga Ilka thay uaad to! 

Co—arita on Studanta Satiafactlon vith Proara—aa 

Tha thraa conaultahta nat In caMral with a rapraaantatlva group of PhD i 
atudanta In avary dapartaant but ona. In tha latter caae atudanta ware 
m«t Individually In' the preaance of their advlaor. 

Almoat unlvaraally, tha atudanta expreaaed aatlaf action with the opera- 
tion of the doctoral prograne at their reapectlve unlveraltlea . Tha 
only exception met by the conaultanta aeemed acrloA; It la dealt with 
.under the appropriate heading elaewhere In thla report. Toplca auch aa 
the amount of guidance they were' receiving, competence of faculty, the 
quantity and quality of aupport aervlcea available In library, comptiter 
and machine ahop fadiltlaa, the adequacy of financial aupport, ate, 
were dlacuaaad frankly and openly. Studenta were encouraged to ralae 
aiiy laaue they wanted . 

^•12 Projected Student Populatlona and Degree Awarda 

Every department ia deeply concerned with the conaequencea of the Ring 
of Iron report and of the enauing action by CODE to gradually bring — 
down the total reglatratlon of PhD atudanta In engineering. They all ' 
reallte that paat growth ratea cannot be maintained and they are pre- 
pared to conalder much more carefully the alza of their doctoral pro- 
gramna. • / 

Table 6.12 auMarlte^ the picture for the aeven departmanta aa It can 
be gathered from the documentation aupplled and from dlacuaalona with 
chairmen and deputy-chairmen. In the caae of the Unlveralty of Toronto, 
the plan being "to prepare aa many atudanta aa the market demanda", the 
aame number of doctoral atudanta aa In the paat five yeara haa been 
arbitrarily projected Into the next five yeara. . 

If the populatlona were to Increaae according to the demanda of the 
^I'^TJ??"'"* '^"^^ probably corraapond to an approximate Increaae 
of 101 In the total Ontario output of PhDa In chemical engineering. 
In view of the paat employment record, thla la not totally unreaaon- 
abla. . 

^•13 Careera fo r Profeaaota not Involved In PhD Protra^ea 

Some faculty, for a variety of good reaaona, feel little Inclination 
for reaearch work and are unaucceaaful or only mildly aucceaaful at It. 
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Others have b«eoM 'l«tt inv«ntlv« or produetlv* vlth tlM. It It 
ttofortunat* that unlvartity tradition aakat Ufa difficult for thaa. 
Tha 'publish or parish' law still plays « traat rola in aeadaBle pro- 
■otlon and eoBsidaration. Soia faculty than faal conpallad to partlcl- 
pata in rasaarch activity and whlla thay contrlbuta to tha apparant 
slca of tha prograaM, thay do not nacassarily inprova its ovarall 
quality. 

Univarsitlas should davalop plans to provida thasa staff MBbars, who 
soMtlaas can ba axtraaaly usaful in othar functions such as teaching 
and adBlnistration, with conditions such that thay can still hava a 
raspactad caraar on ca^ius. In a dlscipllna whara praetitionars ara 
baing tralnad, ona should also think of a naw aotto such as 'practlca 
or parish' « — - , . 

Such a situation is not a vary sarious problaa in tha Ontario systaa at 
tha prasant tiaa. At ona or two univarsitias howavar, it should ra- 
caiva appropriate attention. 

^•1* Coverage of Fields and Snacialtiea 

The terms of reference of engineering consultants included a specific 
request to' investigate and report on the "coverage of fields and 
specialties, and the extent of activity in each". Aa course work is 
only a saall part of the total activities involved in doctoral studies 
and as there is nowhere a coaaon core of aindatory courses, this is 
takeii. to refer to the research theae alMst exclusively. • 

Since a coapilation and classification of. research activity of chaaical 
engineering faculty in Canada is available yearly in published fora 
through the Canadian Society for Cheaical Engineering, a constituent 
society of the Cheaical Institute of Canada, it was thought preferable 
to use it rather than dig out. the inforaation froa the curriculua vitae 
of individual professors; the latter would also have presented a risk 
of non-uniforaity of presentation and headings. The C.S.Ch.E. directory 
has been published for aany years and has gained wide acceptance aaong / 
the university coaaunity it serves. It aust be noted that this publi- 
cation is a directory of research and not of graduate studies: it 
therefore aakes no distinction between refearch in aaster's or in PhD 
prograaaes /or any other type of research. Nevertheless it is thought 
to give a reasonable account of the research areas available for 
doctoral work. Very few faculty active in research ate not included 

In Ite 

The research areas are classified under eight headings, as follows: 

A - Applied Cheaistry 

B - Cheaical Reaction Engineering 

C - Fluid Mechanics 

D - Heat Transfer 



Mai*^ Traniftr 
Th«nodyn«ilci 

Proctii dttlgn, Optratlon and .Slaulatlon 
Mlictllanfoui cattgorlei 

Ai appoint of historical Intaraat aaung other ^aaaona for tabulation, 
It vat thought daalrabla to extract Unit Operation! fron the Mlacel- 
laneoua heading. They Include la thla particular Instance: Mixing, 
Mechanical Separations, Drying, Crystallisation and Solvent Extraction. 

The sunary for the year 1972-73 contained In Table 6.14 gives for each 
unlversl<ey and for the total systea, the nuabitr of faculty actively 
Involved In research work In the various areas. As aost people are . 
usually engaged In aore than one research project, the total largely 
exceeds the nuaber of faculty. It aost also be' reaeabered that It Is 
soaetlaes difficult to classify a given project under only one heading. 

The aajorlty of. activities classified under Applied Chealstry coae 
under three sub-headings: Blochealcal Processes, Air Pollution, and 
Water Treataent, the latter receiving aora attention than the other 
tvo. Soae of the work falling Into the rest of the Applied Chealstry 
category does not seea to be dlfferejit froa conventional physical 
cheails.try. 

There were 1.08 full-time chealcal engineering faculty In 1972-73 In the 
seven departaents visited. Table 6.U shows 220 'faculty-areas* In the 
nine areas. If all staff aeabers were active In research, this would 
give an average of 2.1 aveas of Interest per faculty. On tha^ basis, 
each nuaber In the table would correipond to staff devoting half of 
their research tlae to *a particular area. To obtain full-research- 
tlae equivalents the nuabers should be halved b\it this would represent 
aax'iaal nuabers as not all faculty are active In research. 

The aaln areas o*f chealcal engineering are all covered In the total 
systea and are well balanced. The less popular areas are H^at Trans- 
fer, Unit Operations, and Theraodynaalcs . In the case of the first 
two this corresponds to general trends In North Aaerlea. Heat Trans- 
fer seeas to h < ;e shifted at least partially Into the reala of aechan- 
Ical ehglpeerlng and Unll Operations are no longer the challenges they 
used to be. Theraodynaalcs Is not a field that Is exclusive to, cheal- 
cal engineers and the low nuabers In this area are no cause for alara. 

As fop Individual universities. It quite striking that they all have 
soae activity in practically all areaf , except Western Ontario and 
Windsor. In the latter case, the obylous reason Is the saaller staff 
slae. For' Western Ontario this is the result of a deliberate decision 
to concentrate In a Halted nuaber of areas. Other universities such 
as McMaster and Ottawa claim to have similar policies but It seems that 
Che selected fields are so loosely delineated that there Is no apparent 



E - 
P - 
G - 
H - 



concentration, on tho bAtii of tho C.S.Ch.E. hoAdingf At loatt. 

If a lowtr ration of aroai/ faculty raally BMna abra concentration' 
on tha part of tha auff atabar on ona aaln araa, Toronto and Waatam 
Ontario and Ulndaor atand out In ttila raapact. Thla ratio howavar, 
auat ba uaad with axtraaa caution aa «any factora Influanca It. 

SarlOua conaldaratlon ahould ba glvan, and probably la now glvan In 
aoaa dapartaanta, to aora affactiva aroupini of Intaraata with tlaa. 
Obvloualy tha procaaa ahould not ba carrlad out to Ita axtraaa Halt. 
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7,^ THE JOB MARKET ' ' ' , 

No special study on the job market for chtelcal englnasrlng doctors vas , 
undertaken as the Thonpson-Lapp" report became available, during the assess- 
sent period, , 

One school of thought flrttly asserts that predicting and planning populations 
and degree awards in a given field Is possible and nece^iiary In view of the 
cost of training the studenti. It Is clalned that stai tlcal tools and 
nethods presently available are of sufficient accuracy to peralt the predic- 
tion of 'an operating band between optlalstic and pessimistic boundaries. ' 
This Is the philosophy of the Ring of Iron and the Thoapson-Lapp reports. 

Others believe that this is siapLy not possible because of the large uuaber 
of unexpected and unpredictable causes and events that can affect short or 
long. tern* trends. MacKay' has given a good seal-quantitative illustration 
of this point of view. 

t 

7.1 Chealcal EnaineerinK in Relation to Other Branches of Eniineering 

The ACAP chealcal engineering consultants are prlaarily concerned with the 
career opportunities for the chealcal engineering PhDs. The Thoapson-Lapp ^ 
report however, considers engineering as a whole and only occasionally does 
it refer to individual branches. AaSMalng. for the sake of dlscussioh, that > 
its predictions are corr^ict and that itr«> recoaaendat ions are accepted, ^two 
difficult questions would reaaln: 1) how would the doctoral student popula- 
tions be 'allocated aaong the universities, and 2) how would the saae popula- 
tions be allocated between the conventional and eaer^lng branches of engi- 
neering? 

The first question is of course very political nature and in any event ' 
outside the scope of a chealcal engineering assessaent. On the other hant, 
very serious consideration aust be given to the second question. In this 
connection, it is very deslrablie to find soae standard of reference and the 
pbvlous'^lnt of coaparlson is with the United States because of a close 
yallarlty between the two countries (and Ontario) in educational and pro- 
fessional patterns. There is also aany coaaon points between the political 
and econonlc systeas of both' countries, and especially if the focus, is on. 
Ontario as opposed to the rest of Canada. . 

A coaparlson can be aade on the basis of doctoral ciutput for chealcal engV 
neerlng in relation with all branches of ei^glneerinji. Table 7.1.1 makes such 
a coaparlson. The data for Ontario 'and Canada are those of Thoapson-Lapp and 
originated frcn the Canadian Association of Craduat4 Schools, it is to bit 
noted that they differ by as auch as ± lOt froa tho^e supplied for Ontario 



Thompson, l.W, and Lappi P. A., Supply and Deaand fdr Eniineerlng Doctorates 
in Canada , 203 p., Canadian Engineering Manpower Council, July 1973 i 

'MacKay, D^, Graduates In Science and Englneeri% ; Qn Predicting the Demand 
and Controlling the Supp ly - Private eoamunieatin'ft Paper submitted for 
publication to Science Forum 
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by ACAP. Th«y were iiied In preference to the Utter eolely to «i:ow 
conperleon with Cenede. The U.S.A. dete ere from the U.S. Engineering 
Itonpover CoMlBBlc^n . 

Although the dete ere not completely up-to-dete, the four-yeer everege 
Is probebly e better criterion to uee thrfn eny trende, beceuee of reletlvely 
tlvely smell yeerly numbers Involved for OnUrlo. These results seem to 
Indlcere thet e much higher proportion of chemlcel engineering PhDs ere 
being trelned In Cenede and In pertlculer In Onterlo. Before drawing eny 
conclusion, It must be remembered thet In the U.S. e number of other spe- • 
cialtles are available (which are non-existent ^or little developed In 
Canada) and have a tendency tg. divert sizeable numbers of students away 
from the more traditional disciplines. They Include Industrial, Aerospace, 
Materials, and Nuclesr Engineering plus Engineering Science ahd many 
others, accounting for approximately one-half of doctorates In engineering 
awarded In 1971-72 In the U.S. 

It might be therefore Informative to compare chemical engineering to the 
more traditional branches of engineering; civil, electrical and mechan- 
ical. This Is shown In Table 7.1.2 for which the sources of data are the 
same as In Table 7.1.1. This new set of figures confirms the Indications 
of Table 7.1.1 bvt. shows a quite smaller difference between Onterlo and 
United States. If the data InyoJLved are representiitlve of 1973 and of 
the years to com* Immediately - ant* there Is reasonable doubt In this 
connection - then the logical conclusion Is that Ontario relatively Is 
graduating more doctor*) In chemical engineering than Is the U.S.A. This 
Is substantiated by comparison of the number of degrees with populations. 
Thus, In 1971-72, the U.S. produced 413 doctorates for a population esti- 
mated at 207 millions In 1971; this gives a ratio of 2.0 doctovates per 
million; the corresponding figure for Ontario, based on an estimated pop- 
ulation of 7.7 millions Is 3.6. If It Is assumed that Ontario produces 
or should produce 602 (see section 6.2) of the total number of doctorates 
awarded In Canada, the ratio becomes 3.6 x 1 x 7.7 - 2.1 on the basis of a 
Canadian population of 21.6 millions. 0.6 21.6 

The situation can then be Interpreted as not too far from, that expected, 
considering also that the proportion pf doctorates In engineering to 
baccalaureates In engineering awarded six years previous has risen in 
Canada In recent years to a figure comparable to that of the U.S. (9.6 
against 9.9 per hundred In 1970-71)^. 



•Alden, J.D., Engineering Educe tlon 59 (3). 234-35 (1968), 60 (5), 399-409 
(1973)' ^ ^31-446 (1971), 62 (7) , 799-808 (1972) , 63T7) , 520-522 

'Thompson, I.W. and Lapp, P. A., Loc. clt. p. 93 
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The privileged position of chenlcel englneerlcg' in Ontario is probably due 
to an earlier start and a better preparedness to take advantage of the ex- 
panaioi^ period of the sixties # It is to be expected that other provinces 
are or will be in the process of trying to recapture the lost ground on. the 
assumption that higher education is a right of individuals and not a mis- 
sion given to one or a few provinces « ^ 

A most Important fact to remember la that the number of Canadians - exclu- 
sive of landed ismigrants - registered In the Ontario chemical engineer-^ng 
doctoral system has always been less^than half of the total, has dwindled 
by one third over the reriod 1969-70 and i972-73, and shows no sign of \ 
imnediate recovery. Ou the other hand, It is difficult to conceive how a 
student body of so-called landed inmiigrants can maintain Itself in the 
future, in view* of constraints imposed by research-granting agencies and 
by the Department of ^Manpower and I«nigratlon. It therefore is noc pos* 
sible for the chemical engineering consultants to accept the conclusions 
of the Thompson-Lapp study, at least inasmuch as they would concern 
chemical engineering. 

7.2 Optimistic and Conservative Views 

It Is the vikv of the consultants that forecasts on manpower needs have 
proven to be of very little use and should not be relied upon too much. 
They are much more worried about the lack of interest of young Canadians 
towards higher degrees which lead eventually to the more Interesting and 
challenging jobs, tor which on so many occasions in the past, doctorate, 
holders had to be imported from abroad. 

All departnents claimed that they never had any difficulty in finding 
suitable positions for their graduating PhDs except in a very few cases 
of foreigners who had difficulties in adapting themselves to Canadian 
lifff. Moreover, it has repeatedly been heard in many of the departments^ 
that present demand is in excess of the supply. 

* r 

In all likelihood, the market for PhDs in chemical engineering will soons. 
develop at a greater rate again. First, there are many signs that the 
future is nowmuch brighter for the chemical and process Industries. In 
view of the increase in costs of. natural products apd of some of their 
shortcomings, synthetic materials play a far greater role .in the economy. 
Biochemical applications will open up unthought of industrial applications 
in large numbers. 

Furthermore, govermental initiative in selected fields' such as the environ- 
ment, energy and other resources, management, transportation, the North, 
the oceans, etc., will create through both govertpent agencies and industry, 
a great need for highly qualified manpower. ' 

Planning in the midst of an economic recession can lead to unduly pessi- 
mistic predictions and It Is necessary to keep an eye on longer term ob- 
jectives. PhDs in all disciplines and especially In engineering are 
tomorrow's leaders of society. They shpuld be trained very cafefully and 
In sufficient numbers. 
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Sine*. *w* think of C«n«d« «• a £rtt-«nttrpritt tocitty w« witt hm faith 
in it, and accept tht disadvantagaa that cona with ita graat valuaa. 
Doctoral atudiaa ara long in duration and thair population* cannot adjuat 
thaaaalvaa quickly to changaa in tha acotemy. It ia a logical conaaquanca 
that thara aay be parioda of overaupply and of ovcrdeaand of doctorates. 
The foraer should not be so serious since the PhD should be versatile 
enuagh to find a useful and challanging Usk to perform for society. 



8» MCMASTER UNIVERSITY 

8,1 Faculty . » . 

8.1.1 Quality . ' > . 

■ . I 

All members of the staff at NcNaster are academically very well quali- 
fied and have a PhD degree. Remarkably none of them obtained It at 
McMaster and there Is a Rreat diversity In the universities whete they 
were awarded: twelve universities or university departments are repre- 
sented from Canada, Great Britain and the United States. This yarlety Is 
certainly a positive factor, bringing different schools of thought, types * 
of training and experiences to enrich the departmental melting-pot. 

In effect, this department is really an energetic and dynamic team and 
each member is cooperating in an admirable fashion in the total educa- 
tional, effort. ♦• ' 

Staff members are rather young, only two of them being over A3 years of 
age. Almost all of them have had^ some experience outside the university 
world, either .in industry, government or in research establishments. The 
aggregate average for the whole department Is over four years. A genuine 
interest in real problems exists at McNaster and there are a number of 
cases of research projects in cooperation with industry; 

Ten of the staff members have records of PhD theses successfully completed 
under their direction and two more arfc presently engaged in their first 
experience at this level. Nearly all have past or present experience of 
sunervislng at the master's level. 

8.1.2 Discipline Background 

Four faculty members hold their first degrees in disciplines other than 
chemical engineering: two are civil engineers, one is a chemist and the 
other an applied chemist. . 

At the doctoral level,^wlth the exception of two in chemistry, one in 
statistics and one in civil engineering, all were In chemical engineer- 
ing. ' . 

8.1.3 Research Productivity 

Twenty-four PhD degrees have been awarded in the department in the last 
five years and it seems that three or four staff members deserve the 
credit for the great majority of them. It should be noted that four 
faculty members have been at McMaster for less than five years. The 
younger professors seem to be in the process of picking up their share 
of the load. 

The publication record of two of the professors is truly remaikable. 
For the others it is from .good to very good with one or two exceptions, 
considering the age and experience of the personnel involved. 
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The data provided to the conaultanta Indicate that the average NRC/ 
DRB/MRC operating granta" per faculty members tecelvlng granta were 
lover than the Ontario and Canadian averages for the discipline In 
1972-73. Again It must be remembered that the staff Is rather young. 
Nearly all staff members are receiving such grants. A slieable number 
of staff members received grants from other agencies and even Industry 
in the last five years. 

8,1.4° External Involvement 

The McMaster staff seems to be performing Its share of Faculty and Univer- 
sity administrative and committee work.* 

Some profMsors m actively invelT^d in eoop«ratiT« r««Mreh work for con- 
sulting with Industry. One of them has formed a company. They are active 
In professional and scientific societies. 

8.2 R esearch Programmest Classification. Scope and Coordination 

The department has a policy of grouping research efforts under five headings: 

1) Process -.simulation; x 

. 2>- Waste-Water Treatment; 

3) Polymer Engineering; ■ 

A) Chemical Reaction Engineering and Catalysis; ^ 

5) Transport and Separation Processes. 

A stronger emphasis Is put oh the first two categories. 

These areas are sufficiently wide In scope to coyer most of chemical eng- 
irieerlng as can be seen In Table 6.1A where the emphasis placed on Process 
Simulation and Waste-Water Treatment can be easily identified. 

University research coordination Is not always easy to accomplish, but 
this Department has achieved reasonable success in this direction and 
seems Intent on pursuing Its goal. 

8.3 Departmental Goals and Evaluation 

The Chemical Engineering Department at McMaster expects to maintain a 
viable PhD programme with clearly stated objectives for continually 
strengthening and improving it. The department's general philosophy 
about the need for a PhD Is i^edagoglcally sound. The department Is 
convinced that a vigorous graduate programme has the following values t 



I) Intrinsically valuable for Itself. 




2) It contributes Importantly to enrichment of the under- 
graduate programme. 



3) It contributes significantly to the quality of the faculty. 
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The esftcntlal features of McMaster'a goals for its PhD prbgraimne for the 
^ext five yeara as determined by the consultant team are sunmarlsed as * 
follows:. . • * 

1) Five research areas will be selectively developed with the 
recognition that a department cannot excel in every facet 
of chemical engineering., 

2) . The department does not intend to specify the numbers of 

students in each of the five categories of strength because 
students should have as free a choice as possible for their 
research topic. .* , 

3) The department has identified as an ideal goal 20 full-time 
equivalent PhDs per year. This goal allegedly would pro- 
vide continuity of research programmes. ' 

4) The department believes that its PhD graduates will not 

• 'encounter employment pi^oblems because of the strength and 
quality of the research programmes of the department* 

5) The department recognizes that there will be few faculty^ 
additions during the next few years. However, no plan 
was described for ensuring the maintenance of faculty 
vitality during this equilibrium period. 



6) With respect to possible external constraints on the number 
of PhD students, the department "would play its part in work- 
ing to such constraints, assuming that all universities co-; 
operated in accepting the constraints and* that COU adopted 

^ *' the recommendations of the consultants". . . 

7) PhD candidates are encouraged, to en^tage in research which 
cu^ across diacinlines and may involve direction f^om more 
than a single 4>rofessor. 

The department at McMaster appears to have established' realistic Ibals 
and objectives irfiich the consulting team believe to/be achievable and 
productive. Possibly the most important omission in the goals was with 
respect to the question of how does the department plan to cope with 
maintaining faculty vitality during a period of equilibrium of faculty 
numbers. This does not mean such a plan does not exist. 

Department Policies n 

The departmental policies at McMaster with respect to graduate admis- ' 
sion procedures, scholastic admissions standards, and processing of 
application inquiries are professionally developed and operated. 
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8.4.1 Qpwtlona and Adalisloni 

The dcparcnent hai •■tabllshtd Its own adalMloiii itandardi vhlch aeet 
and •xc««d the'alniauB atandarda of tha Graduata School, thla appaara 
to ba normal practlca for noat daparfaanta of chaalcal anglnaarlng. 
Tht conaultanta found tha dapart«9««^*a oparatlona with raapact to ad- 
■laalona pollclea and oparatlona qulta aatlafactory. 

8.4.2 Exaalnatlon Procaduraa 

I! N ■ 

Tha Chanlcal Engkhaaring Dapartmant at McMaatar haa davalopad a aound 
ti^phaaa axaalnatlon plan for Ita PhD candldatas* Thaaa conalat of a 
coBprahanalva oral axaalnatlon on baalc 'eha^leal anglnaarlng and a . written 
plan of tha candidate* a raaaarch followad by an oral axaalaation on tha. 
vrlttan plan. Tha only flaw datactad In thla plan waa tha fact that tha 
raaaarch director haa conaldarabla Input Into tha written plan. The con- 
aultanta bellewe the PhD candidate ahould ^e required to have alaoat total 
Independence In the preparation of the written plan. 

8.5 Cooperation with Other Departaenta 

Cooparatlion aeeaa to ba very good with other anglnearing departaenta at 
McKaatar and with engineering departaenta in other ualvaraltlea In Ontario 
and elaewhere. THere aeeaa to be virtually no cooperative activitiea be- 
tween the cheaical engineering and aclenca departaenta auch aa cheaiatry 
or phyalca. The crltlclaa waa volcad that thaaa departaenta, although 
they aoaatlaea paid lip aarvlce to applied acience had too *pure* an 
orientation. The baalc acience teaching to the undergraduate cheaical, 
englneera la however, dona by the baalc acience departaenta. 

8.6 °PhD Studenta 
8.6.,l-. Nuabera ' . . 

The nuaber of PhD etudenta at McMaatar haa averaged 21 during the four 
yeara preceding 1972-73, dropping to 14 during that year r«f tar the 
awarding of aaven degreea during the courae of 1971-72^ Mo difflcultlaa 
aaea to be encountered with a atudent body of that order of aagnltude^ 
The department Itaelf wlahea to aalntain the 20-or-ao level. 

8.6.2 Origlna - Inbreeding 

Thla departaent haa had a very good record cf attracting graduatea froa 
other Canadian univeraltlea. Ita reputation alao keepa aany of ita own 
graduatea at McMaatar. At preaent at leaat, the 111-effecta of inbreed- 
ing aaea to be ainiaal bacauae of the preaence of graduatea froa other 
Canadian unlveraltiea. 

The departaent hu •l»P aana&ed to keep the proportion of Canadlana or 
landed Imlgranta having obtained their baccalaureate in Canada at or 
above the 502 aark over the period conaldered. 
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8.6»3 Length of Studies and Ceneral Level of Satisfaction 

The averayre tine to complete doctoral studies from registration In the 
graduate schqol to the granting <yf the degree seems to be 5-5.5 ^ears. 

The ntudents are enthusiastic about their doctoral work at McMaster and 
they ^eem to be very satisfied with all aspects of their life: amount of 
guidance, competence and availability of faculty, cooperation between 
groups, support services, and evep financial uapport. They seem to know 
exactly what their goals are and to be quite capable of reaching them. 

^•7 * Facilities and Services 

'. : • • J .. 

The departmental facilities were found to be excallent, with relatively 
, modem laboratories all well equipped with modern apparatus and Instru- 
mentation. Veil-developed .simulation techniques tend to make the grad- 
uate students •engineering* conscious, rather than 'science* conscious. 

8.8 Supnortlng Services 

Computer facilities were found to be excellent and especially so in (he 
area of mini-computers. The shops in, the faculty wer^ rated as excellent 
with good workshops available in the <le^artment. While the main library 
deserveff^the highest praise, ^he departmental reading room was in a state 
of dl8ar)ray. While part of this was due to building reconstruction, dis- 
cussldnwlth grai^ate students led the consultants to believe that the 
roomrwas-usualiy not. very useful. 

8^9 Financial Support 

The PhD students seen will supported financially averaging $4,500 per 
annum, which is ohtalncdl from a combination of contributions from 
research grants (~$l,800), teaching asslstantshlps (~$1,800) and scholar- 
ships. Since the research grant input into the department is relative- 
ly large, there seems ho financial hindrance to the maintenance of a 
fairly large graduate school. 

In the graduate school (PhD and master's combined), averaged oVer the 
years 1968-1973, approximately 15X of students were supported by major 
scholarships (greater than $2,500). 

8.10 Employment 

All PhD graduates since 1969 were able to obtain positions or post- 
doctoral fellowships as shown in the following table. 
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table 8.10 



Employtr 




Other - Unknown 



University 



Industry 



11 

^ 1 ' 2 



1 . 



Government 



4 



CoonuniCy College 
or High School 



1 



Fellowship 



2 



3 



Research (other 

than Fellovship) 3 

Other 

llnemqloyed . 
Unknown 



8.11 • Graduate School 

The policies of the graduate school are comparable with those of most of 
the other universities visited. The graduate school has only nominal 
Influence on the academic aspects of the ?hD programne in chenical engi- 
eering, and contents Itself with appointing'' conmittees tor Che PhD 
examinations, Including the invitations to external examiners for thesis 
review and participation in the final oral examination. External reviews 
were claimed to maintain the research integrity of the department, and to 
satisfy the ethical concerna of the faculty membera.^ 

The philosophy was expressed by the Dean of Engineering that McKaster 
desires to develop strong graduate prograamies as a high priority goal 
compared with the undergraduate progranmes. . 

8.12 University Administration 

The unlMersity administration at McMaster was not explored in depth. The 
general conclusion was reacheii that engineering, and chemical engineering 
in particular, were well supported 1)y the university administration. 
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9. . UNIVERSITY OF OTTAWA 
9.1 Faculty 

9.1.1 Quality 

All members of the ataff at this university are academically very well 
qualified and have a PhD degree. Remarkably, none of them obtained It 
at Ottawa and thare if a great diversity in the universities whTere they 
were awarded: seven universities are tspresented from Canada, Great 
Britain and the United States. This variety is a. positive factor again,, 
bringing different schools of thought, types of training and experience ' 
to enrich. the departmental intellectual climate. 

The principal characteristic of this department is that it Is strongly 
disciplined and united under a firm leadership and takes very seriously 
its task of maintaining and Improving the quality of the doctoral pro- 
gramme. ^ 

The staff is rather young, six members being in the 42-49 age bracket 
and the three others in the 30-35 bracket. Almost all of thcp have had 
some experience outside th'e university world, either in industry or re- 
search establishments. The aggregate average for the whole dcpartnent 
is over three years. The department seems to keep in close touch with 
the nearby laboratories of the National Research Council. 

Only three of the staff members have records of PhD theses successfully 
completed under their direction but four additional ones are presently 
engaged in such supervision. All have past or present experience in 
supervising at the master's level. ^ 

9.1.2 , Discipline Background . ' 

All faculty members hold their first degree in chemical engineering. At . 
the doctoral level they were also all in this discipline except for one 
who specialized in applied chemistry. 

9.1.3 Research Productivity 

Ten PhD degrees have been awarded in the department in the last five years 
It should be noted that three faculty miembers have been at the University 
of Ottawa for less than five years. The younger ones are all presently 
supervising either PhD or master's theses. 

The publication record of two of the professors is truly remarkable. As 
for the others, considering age and experience, it is very good or .good 
with only one' exception. The department stands out as one of the best. ' 
in Ontario in that respect,* 

The di^ta provided to the consultants l^ndicate that the average NRC/DRB/ 
MRC operating grant per faculty member receiving grants were. ' .gher than 
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the Ontario or Canadian av^ages for the discipline In 1972-73, and all 
staff members at this department are receiving such grants. With very 
few "exceptions, these are the only sources of research funds external to 
the university. 

9.1.4. External Involvement • . 

Staff members are active In professional and scientific societies to 
varying degrees. About half 6f them have acted as consulxants to Indus- 
trial firms. / ^ * 

9.2 Research Programwest Classification. Scope and Coordination 

This department has a policy of grouping research efforts under three 
major headings: 

1) Thermodynamics and Transport Properties; 

2) Kinetics, Catalysis and Reactor Engineering; . 

3) Transport Processes. ' \ 

There has also recently been a shift of emphasis toward greater concern 
for th^ environment. 

These areas are sufficiently wide in scope to cover a vei^ large propor- 
tion of the total field of chemical. engineering as could be seen in 
Table 6.U. This table shows the accent on the above-mentioned areas. 
The case of thermodynamics is a special one: even with only one active 
staff memberi the activity is considerable. 

There does 'not seem to.be a definite policy for tighter grouping in the 
futuire. , 

9*3 Depart— atal Coals and Bvaluation- 

The Department of Chemical Engineering at Ottawa follows much the same 
practice of other chemical engineering departments in Ontarlo>by classi- 
fying its PhD research activities into areas or categories. 

The department's stated* goals indicated that in addition to continuing 
research in these areas, it Intends to extend its "endeavours into 
fields such as Food Technology and Energy Engineering". 

The dep&rtment emphasises that its research interests seek to "reflect 
the demands of our society, student Interests, and the desire to serve 
. the community". The implication of this emphasis is that the department 
Intends "to take every opportunity to maintain viability, and to keep 
flexibility and versatility in doing meaningful graduate teaching and 
research, and to switch from one type or area of research to another 
whenever there is such a need". 

The; department is solidly convinced on the basis of past and present 
experience that its PhOs in the future will find meaningful employment 



and .Cf/ftoer opporcunltleu. • 

The department's present research proRranmes are In traditional and useful 
chemical engineering areas which have been of great value during the pa4t 
decade. This observation, however, raises the question about the require- 
ment for any university department engaged in PhD research, namely, that 
it sfiould strive to be on the forefront or even 'in front of the present 
practice of its discipline. Although the department at Ottawa exptessed 
intentions to move into new areas of technico-social importance, it has 
in fact not yet done so. It is realised by the consultant ft that problems 
and obstacles associated iritK moving into new physical facilities at 
Ottawa have been a major deterrent to maintaining existing prograanea, 
let ^lone inaugurating new ones. 

9.4 Departmental Policies 

The policies of the department with respect to operations, admissions, 
and examination procedures for PhD candidates generally follow the same 
pattern aS" in other departments in Ontario. . i 

9.A.1 Operations 

Selection of new graduate atudents is coordinated by a professor charged 
with this function. He maintains liaison with other department professors 
and is kept informed of their desire for and ability to accoiBodate new . 
graduate students. The amount of departmental funds available for new 
graduate student support is made known to him by the chairman. 

9.4.2 Admissions 

V ■ ■ ■• ■ 

New graduate student acceptance is the prerogative of the departmental 
staff, as determined' by majority vote. In the case of PhD candidate 
selection this prerogative is strictly observed and exercised. In the ' 
case of candidates for MASc and NEng degrees the charglT de selection is 
^iven discretionary powers to accept new students. 

.A decision on accentance is based on the usual combination of academic 
record and letter 6f reference. In general, a student must possess the 
equivalent of a University of Ottawa B average in his last two years of 
undergraduate studies to be accepted as. a graduate student. 

Formal admission or acceptance is done only after the School of 6r<id(iate 
Studies approves the department's selections. 

9.4»3 Examination Procedures 

The department's procedures on examinations for the PhD appear to be less 
clearly developed; Orj^l or written comprehensive examinations are given 
'in' certain cases'. Progress on research is presented in review to the 
departmental staff. The thesis is reviewed by two professors in the 
department, one other from within the university, and one from outside 
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an4 who la Invltad to attand tha examination. 

A ganaral Impraaalon racalved by tha conaultanta. vaa that tha dapartnant 
Is ptlll devaloplng Its procaduraa and pollelaa for graduata atudanta 
and that preoccupation with tha daalgn. and. conatructlon of naw facllltlea 
has placad a numbar of acadamlc mattara taapbrarily on a lower priority. 

9.5 . Cooperation with Other Dapartwanta 

The department cooperates with other ehglnetrlng departteenta, with tha 
National Research Council, but f eela Ita^wn chemistry department la 
too *pure* In Its outlook. The Chemlcar Engineering Department feela 
It Is self-sufficient with regard to major places of equipment (along 
with thoae at NRC), so that the lack of Interaction la not considered 
by them to be too serious. The teaching of the baalc acleneea to under- 
graduate chemical englneera la done by the.aclenee departmenta. 

9.6 PhD Students 
9.6.1 Numbers 

The nuiri>er of PhD students at the Unlveralty of Ottawa haa averaged 14 
during the laat five yeara.' The departml^^t-^ar^alnly can handle a 
'atudent body of thlpf else or even largttr.^ It wlahea to maintain thla 
size and has In the peat resisted the ttaptatlon to Incraaaa It, pre- 
ferring to maintain better quality In studenta. 

The department feels It has a apeclal reaponalblllty for the Ontario 
frAncophond community. 

9*.6.2 Orlglne - Inbreeding 

The largest single group ^f doctoral atudanta In thla department during 
the .last five yeara was that of foreign atudanta who had obtained their 
first degree in Aela. However, the nind>er of graduatea fx'om Canadian 
universities haa gradually Increaaed and la now very eloae to 50X. The 
department tiaa been a little under the Ontario average In attracting 
graduates from other Canadian unlversltlesr A stronger mobility amdng 
students would certainly help It In preventing Inbreeding. When 
Canadian studenta are acarce however. It la natural for any department 
to try retaining Its own. - • 

9.6.3 Length of Studies and General Level of Sat lef act Ion 

The average time to complete doctoral atudles from reglatratlon In tha 
graduate school to the granting of the degree seems to be 6-6.5 yeara. 
A partial reason for this must be the ptfor facilities available until 
recently. ' • 

Only, a few students were intervlewr.d. They were generally quite 'satis- 
fied wich all aspects of their life, with the doubtful exception of one 
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•tudent concerning the advltor'f «v«lUblllty. ThoM ttudtntt that vara 
Intarvlewad saemed aatlaflad that thla dapartmant vaa a Rood placa for 
doctoral atudlaa. 

.. •, • 9 

9.7 FacllltlaB and Sarvlcaa 

Tha dapartnant la houaad In a new' building with modem Well-equlped labor 
atorlea containing capital equipment of the order of $500,000 which haa 
been Inatallad within the laat few yeara. 

9«8 Supporting Servlcea 

*lie computer, library and workahopa were found to be excellent. 
9,9 Financial Support 

Graduate atudenta are aupported financially at a minimum of $3,800, a 
maximum of $2,400 coming from a teaching aaalatantahlp, the remainder 
from a research grant . 

In the combined master and PhD programaes, between 1968-69 and 1972-73, 
20% of the students obtained major scholarships (greafter than $2,500). 

*9,10 Employment 

All PhD graduates since 1969 were able to obtain poaltlonsf'or post- 
doctoral fellowships as shown In the following table, 

Table 9.10 

* 

First position held 
Summary for 1968-69 to 1972-73 

* 

Employer Ont. Rest of " USA Home Other Unknown 

Canada Country 

University 

Industry 3 ^ 

Government 

Community College 

or High School 1 

Fellowship 5 1.. 

Research (other . . 
than Fellowship) 

Other 

Unemployed 
Unknown 
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9.11 Graduate School 

The School of Graduate Studies at Ottawa has more than wlnltnal Involve- 
ment in graduate pro<»ramr»es. Membership of professors in graduate studies 
is * open to all* on recommendation of department chairmen. New graduate, 
courses are reviewed bv faculty councils for both the natural and social 
sciences. St<»ntf Icantlv, the costs of new courses are now being criti- 
cally examined. Theses examiners are appointed by the graduate school 
as Is the. case at all other universities visited. 

9.12 University Administration 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

The understand in«5 by the administration of the need and importance of 
<»radijaite studies in a university was clearly enunciated by the Rector. 
The consultants received the strong and comforting feeling that the 
Sector, the Oeans of Engineering and of Graduate Studies all have a deep 
.wareness and conviction that unless f»rac<uate studies at the VhT) level 
continue to be. strong and viable, the universltv could be seriously 
damaged and its responsibility to enhance and improve society would be 
difficult to fulfil. 



10. QUEEN'S UNIVERSITY 



10.1 Faculty 
/lO.l.l Quality 

All mrabsrs of th« staff at Queen's art acadanlcally wall qualified and 
have a PhD degree, with one exception and In this case the work Is now 
being completed. Remarkably, no one obtained It at Queen's and there Is 
great diversity In the universities where they were awarded: ten uni- 
versities are represented from Canada, Great Britain and the United States. 
This variety should be a positive factor again, brinting different schools 
of thought, types of training and experienca to enrich the departmental 
intellectual climate. 

It seems however, that the department has developed Interest in a PhD 
programme rather recently and because of special efforts of the previous 
and present chairman. Possibly because of the previous lack of pl^sieal 
facilities, it does not appear to have gathered the same momentum as in 
other universities during thd expansion years. The total climate has now 
Improved however. • ^ 

Only four of the staff members have records of. PhD theses successfully 
completed under their direction and three additional ones are presently 
engaged in such supervision. All have past or present experience in 
supervising at the master's level. 

• 

A little over half of the staff has had experience outside the university 
and the aggregate average for the department is about three years. 

10.1.2 Discipline Background • 

9 

Eight faculty members hold this first degree in chemical ecigineering. 
The other disciplines represented are chemistry, applied chemistry, eng- 
ineering physics and civil engineering. At the doctoral level, four 
disciplines other than chemical engineering are present: biochemistry, 
chemistry, sanitary engineering and statistics. 

10. 1.3 Research Productivity 

Seven PhD degrees have been awarded in the department in the last five 
yeArs. No new additions to the staff have been made for four yeirs and 
the number of full-time doctoral students has remained rather amull. 

4 ■ - . ■ P 

I ' , 

The publicr<:lon records of two of the professors are very good; It Is 
about average for approximately five others and low for the rest of the 
department. 

The data provided to the consultants indicate that the average NRC/DRB/ 
MRC operating grants per faculty member receiving grants were well below 
the Ontario and Canadian average for the discipline in 1972-73. Eighty- 
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three percent of the steff nembers received such grants In 1972-73. There 
is no other external source of research funds. 

♦> * 

10.1.4 External Involvement 

With one or two notable exceptions, faculty are only mildly active in . 
^professional or scientific societies. There is hovev^r» good.particlr 
pation in university affairs. ' 

A deep interest and activity in Kingston's waste didiposal problems should 
also be noted. 

10.2 Research Programmes; Classification^ Scope and Coordination 
This department defines its research ateas as follows: 

1) .Biochemical and Environment Engineering; 

2) Chemical Kinetics and Reactor Design; 

3) Process Control and Simulation; 
A) Thermodynamics; 

5) Transport Phenomena. 

Here again the areas are so wide in scope that they cover most of chemical 
engineering. This brings a rather uniform distribution of the efforts 
under the nine headings of Table 6*14. There does not seem to Jbe a defi- 
nite policy for tighter grouping in the future. 

10.3 Pepartmental Goals and Evaluation 

The Chemical Engineering Department at Queenjs has clearly given more than 
casual thought tc its plans and goals for doctoral work over the liext five 
years. Undoubtedly this is due in part to the fact that the university 
has been engaged in a study of its future during the next decaide when the 
growth of the stude^it body and faculty appears to be approaching equi- 
librium. 

. In general, the department plans "continued development of the course- 
work and seminar aspects of the programme, and pursuit of tesearch in the 
five areas in which the staff of the department are currently active". 

The department hab Attempted to make a realistic estimate of its capacity 
to supervise PhD candidates, and arrived at a capability tanging from 24 
to 38 PhD candidates. However, based on consideration of factors such' as 
enrolment patterns, climate for doctoral work in Ontario, changing int- 
erests of graduate students, employment prospects for PhDs and other 
factots which influence prospective doctoral students, the department 
estimates an annual enrolment during the next five years of from 10 to IS 
PhD candidates. 

The Chemical Engineering Department goals are based on experience, sound 
planning, and conservative programmes. The research areas of the depart- 
ment - on the books - would appear traditional, very similar in categories 
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to those of othet depArtmentt, and without obvious 'n«v dirtctioni*. How- 
ever, diacusflions with the professors suggest that strong interests exist ■ 
to extend their special expertise into new areas of research. Thus, 
although the consultants sensed a certain aura of conservatism in both the 
department and the university, nevertheless the very excellent development 
planning and programme forecasting suggests that' the department's goals 
and future research activities will be relevant and responsive to the 
prevailing needs of the province t 

10.4 Departmental Policies ■ . 

10.4.1 Operations 

-The Department of Chemical Engineering has done an excellent Job in setting 
forth Its procedures and policies on graduate studies for the information 
of the students. A 23-page departmental document outlines in detail most of 
the Information which a PhD graduate student must know in order to progress 
toward the PhD degree. This document reflects considerable thought and 
planning by the department for which it should be commended. 

10.4.2 Admissions 

The admissions procedures and policies at Queen* s are of standard quality 
ind In general reflect a goal to maintain scholastic excellence in the 
craduate programe. No deficiencies were evident. 

^^•3 Examination Procedures 

:r)t» department has developed an excellent set of procedures for evaluating 
the qualifications of a student vho seeks the PhD degree* The required 
v-omprehenslve examination is well conceived and eminently fair to the 

student/ 

The thesis i^xamlnation follows the traditional practices of the province 
Involves an external thesis examiner « 

in poneral the examination procedures at Queen's can be considered to be 

( Client. 

♦ 

l^-'j C ooperation with Other Departments 

• ond r.oop^eation exists between r.he Chemical Engineering Department, the 
vnrious other engineering departments and science departments, e.g., math- 
'-tnatlcs, biology - but not with chemistry or physics. The teaching of the 
ha<;ic sciences to the undergrrduate chemical engineers is done by the rele- 

"int science department. 
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10.6 PhD Student! / 
10*6.1 NumbTi \ 

The number of PhD •tudenti at Queen's has averaged 10 over the past five 
years. The department could handle a faw t»re students. It wishes to 
expand and it claims that its capability is double that of the expected 
student body of 10-15 for the next faw years. 

10.6.2 Origins - Inbreeding 

Queen's is one of the rare Ontario departments that has maintained a 
majority of Canadian doctoral students in the department. This is due 
mainly to retention of its mm bachelor's, a situation that is not too 
healthy and should be the cause of some concern. 

10.6.3 Length*^ f Studies and General Level of Satisfaction 

The average time to complete doctoral studies from registration in the 
gi|adyate school to the granting of the degree seems to be 5.5 years. 

The group of PhD students met, at Queen's gave a good impression of dedi- 
cated young people who knew what their aims were. They were generally 
quite satisfied with all aspects of their situation in the department: 
competence and availability of advisors, support services, etc. They 
think that Queen's is a good place for their doctoral studies. 

10.7 Facilities and Services 

The department is housed in a new building with excellent laboratocies, 
office space and services. 

10.8- Supporting Services 

Ancillary services such as computing, library, machine shops were found 
>to range from very good to excellent. 

10.9 Financial Support 

Of the master's and PhD students, 48S were supported by major scholar- 
ships (1968-1973) of value $2,500 or greater. The rest were paid from a 
combination of teaching assistantships and research grants. Stipends 
ranged from a minimum of $4,000 to a maximum of $5,500. 

lOelO Employment 

All Php, graduates since 1970 were able to obtain positions or post-doctoral 
fellowships as sho%m in the following Uble. 



•1 



Table 10.10 V 

^ Flrit poiition held 

Su—ry for 1969«70 toT972«73 

•Employer Ont. Rett of USA Hoae Other Unknawn 

Caneda Country 

_/» 



Unlveralty • 

Industry 4 , | 

Government I 

Comnunlty Colleg^e 
or High 'School . 

PelloWahlp 1 

Research (other 
than Fellowship) 

Other 

Unemployed 

Unknown 



10.11 Graduate School 

The graduate school's policies are similar to those of the graduate schools 
• of other Ontario universities. Its principal functions, as far as depart- 
ments are concerned, are to establish minimum academic standards for ad- 
mission,' review applications of prospective graduate students, and to 
appoint conlttees for PhD theses examinafeiont. 

* 

10.12 University Administration 

The recent acquisition of a Dean of Engineering of national stature who 
has a strong interest in the development of research at Queen's seems to 
augur well for the future. 
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11. • UNIVERSITY OF TORONTO . 

11, 1 Faculty . • 

ll.Kl Quality 

Members of the staff. at Toronto^re academically veil qualified and have ^ 
a PhD degree^ save for four more senior members. About half of the faculty 
hold a degree from the University of. Toronto, either at the bachelor^s 
or the PhD level. For the higher degree, about fifteen universities in 
Canada, the U.S.A., Great Britain and Australia awarded them. There is 
enough of the necessary diversity to bring in different schools of thought 
and types of training to avoid inbreeding and produce a proper milieu* 
In addition, tvo--thirds of ' the staff members have had experience outside 
the university vror Id, mostly, in industry. The aggregate average for the 
whole department is five years. 

This department has of course the* longest history of a doctoral programme 
in Ontario and it is experienced and seasoned. Eighteen faculty members 
have records of PhD theses successfully completed under their direction 
and five additional ones are presently engaged in such supervision. Nearly 
all faculty have past or present experience ih supervising at the master *s 



The age distribution in the department is probably the closest to Gaussian 
that can be found and this is, of course, helped by the size of the 
d<»partment. • ^ 

The department seems to keep very good contacts with induitry through insti 
tuXiohalized or individual consulting. 



It must be realized that this department is one of Chemical Engineering 
and Applied Chemistry. This renders the situation much more complex than 
clacvhere. \ Seventeen members of the staff hold a bachelor's C^gree in 
chemical engineering, six others were in chemistry and the rest is split 
among metalluVgical engineering (2), engineering physics (2), civil eng- 
ineering, mech^^ical engineering and physics. At the. doctoral level, onl; 
thirteen degrees, are In chemical engineering while nine are in chemistry; 
the remainder are \in ceramics, physics, composite materials and polymers. 



Fifty-two PhD degrees have been awarded in the department during the last 
five years* This is by far the largest output of aivy chemical engineering 
department in Ontario. 

At least half-a-dozen faculty members have an outstanding publication re- 
cord and around fifteen others have a very good one. On the average, the 
department Is certainly one of the best in Ontarld. The num^^^ patents 
held by staff members is quite impressive by Canadian standards. 



level. 





11.1.3 Research Prbductivity 



• ■ . ■ . . 

The data provided to the eontultantt Indicate that the average NRC/DRB/ 
MRC operatlnf; grants per faculty member receiving grant ■ were the hlgheit 
In Ontario and probably In Canada for the discipline In 1972-73. Eighty 
percent of the staff received such grants In 1972-73. It oust be noted 
that a large number of professors receive Important grants from other 
government agencies or Industry* Thus, money to support the total research 
effort In the department seems to be more plentiful than elsewhere. 

11.1.4 External Involvement • 

In a department of this size, one expects to find a great diversity con- 
cerning Involvement In university, civic, ptofesslonal or .scientific 
societies* Furthermore, the location of the department of Toronto makes 
It much easier to keep contact with Industry through the large number of 
alumni . 

Consulting by staff members seems to play an Important rolis In their total 
activities but the department denies that It has any detrimental effect on 
purely academic endeavours.. 

11.2 Research Programme t Classification. Scope .and Coordination 

Without naklnft a policy of grouping staff nembars In given arats of 
upeclallsAtlon^i the department haa, -for Ita own uae, eight categories 
to classify Its research activities:. 

1) Applied Physical Chemistry; 

2) Chemical Kinetics and Reactor Design; 

3) Corrosion and Electrochemistry; . ^ 

4) Nuclear Epglneeirlng; 

5) Polymer Technology; 

6) Thermodynamics; 

7) Process Design and Simulation; 

8) Heat and Hass Transfer # 

Table 6* 14 shows a rather uniform distribution In all iareas with an 
emphasis on applied chemistry, which Is quite normal for this department. 
Occasionally, two professors will team up for part of their research 
activities, but otherwise, the Individual Is completely free to select 

his own path. , 

■ 

IK3 Departmental Goals and Evaluation 

The University of Toronto has expressed Its goals as followst "..elt Is 
our plan for the future to continue training as many students as wis are 
able, to be competent, and hopefully even; Ingenious, problem-solvers** • 

The consultants reflected at length on Toronto's goals and objectlvts. 
The statement of goals was rhetorically entertaining, but not convincing* 
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On ^« basis of th» consultsnts* discussions with ths dspsrtntnt ehslr* 
man. It bocaao sppartnt that tha departaant's goals and philosophy vara 
motlvatad and datanilnad by a strong antrapranaur syndroaa. This vaa 
undaracorad In the discussion about tha Chaalcal Englnaarlng Raaaarch 
Conaultants Llaltad (CERCL) which has baan astabllshad by dapartaant 
aeabars. Tha philosophy of tha dapartaant daarly strassas Innova- 
tions, Inventions, and tha creation of private enterprises. The 
consultants* views on this dapartaental philosophy are alxed. One 
vlaw la that, as a concoaltant activity, it is not an especially stable 
base for graduate student education at the PhD level. Another vlew^ls 
that the faculty can becoae so preoccupied with the creation of coapanles 
and the solution of short-tera probleas, that the students are not given 
the appropriate or adequate instruction In research on a long-range basis. 
In the consultants* subsequent discussions with various university offl- 
. dais, the concerns expressed above ware allayed. As a resiilt, the con- 
aultanta believe that wise departaantal leadership can ensure a proper 
balance between the acadealc responsibilities of the faculty aeabers 
and their entrepreneurial goals. 

11.4 Departaantal Policies 

The policies of the Chealcal Engineering Departaant at Toronto in aany 
respecta have unique characteristics. Probably the best description of ^ 
the pqlldes would be that they are * real-world oriented*. The philo- 
sophy behind thla^ orientation was tha subject of considerable discussion, 
but the short tlaa available for the conaultants* visit aay not have 
revealed the full depth and iapllcatlons of the departaantal. philosophy. 

11.4.1 Operations 

The departaant* a operations are best described as being fluid and versa- 
tile. In order to undersc9re the real world concept, tha departaant 
aeabers f oraed a corporation about tan years^ ago. This step^was taken 
on the theory that the departaant should liave real world involvaaant, and 
that older faculty should help younger faculty'galn experience. The 
corporation, known as Chbalcal Engineering Research Conaultants Llaltad 
(CERCL),' has started 25 research prograaaas in saall industries. There 
is much to be said for this philosophy, both .pro and con* Again, it was 
difficult for the consultants to develop a clear assessaent of the aodus 
operandi of .the departaant. Clearly, however, there appeared to be aub- 
stantlal enthusiasa for the real-world phlloaophy. 

11.4.2 Adalaalona 

. Adainiatration of graduate adalaslons pollciea la conducted by a ataf f 
nenber appointed aa a graduate aacretary. This person is responsible 
for approval of master *s and PhD progranaea and la concerned about grad- 
uate fellowships and aupport; Generally, the individual la in thia 
position for three or four yeara. Adalsslons procedures are substantially 
the same as In other chemical engineering departments in the Province. 
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11*4.3 Examination Procgduret 

Exaaination procedures for the PhD candidate are generally eimilar to 
those of other departnent* in the Province, and there ±9 a point during 
the candidate's career, t^sually after the firet year, when the departaent 
decides whether he is eligible to proceed for the PhD. The thesis exani- 
nation invol^ves both faculty from Toronto and an outside thesis reviewer 
and examiner. • 

• * . * ^ 

T1.5 Coop t gration with Other Da parfents - 7 



The department feels extremely self-sufficient since It is composed, in 
addition to chemical engineers, of some whose basic training has been in 
chemistry, physics, etc. Even though the research in the Department is 
extremely varied, very little evidence of intkr-departmental cooperation 
is visible. Practically none comes from the chemistry and physics departr 
mentb. Only one basic chemistry course taught by the chemistry department 
to undergraduate chemical engineers is required. For example, the teach- 
ing of chemistry courses is not done by members of the chemistry depart- 
ment, but by the Department of Chemical Engineering and Applied Chemistry. 

11.6 PhD Students . ' , 

11.6;,1 Nuafeers 

The number of PhD students at the University of Toronto has averaged forty- 
five over the last five years. ^ 

A population of forty PhD students represents 1% students for every faculty" 
member who has in the past been directing such students or who presently is. 
It is doubtful whether any increase above this number would be beneficial 
to these new students or to the student body as a whole, Considering the 
present department attitudes toward the graduate students, and the support 
facilities available. 

On the other haiid, the department wishes to have as many students as it 
feels the market can absorb. 

11.6.2 Origins - Inbreedinj^ 

The department has managed to keep among its PhD students a ratio of three 
gr'aduates trom Canatfi^ universities to two graduates from foreign univer- 
sities during the period of 1968 to 1972. However, in 1972-73^ this ratio 
fSj; ""^'y* Since the department appeUrs to have (or so appeared in 
1972-73) the weakest relative power of attraction for graduates from 
Canadian universities (see Table 6.9.1) it must be concluded that the 
graduate student body contains a very high proportion of bachelor's from 
Toronto. 

More mobility among Ontario graduate students would benefit departments 
and students alike. The present situation at Toronto is a potential source 
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of dingerout inbrtedlng. 

11.6.3 Length of Stud It t and Gwral Uvtl of S*tli faction 

Tti€ average tlae to coaplete doctoral atudles f ron reglatratlon In the 
graduate achool to the granting of the degree la of the order of 5.5 
• years » • • * ' ' , 

This departnent la the only one where aerlous coaplainta vere heard froa 
-mD Btudenta. Vhlle they atlll think that their declalon to take their 
PhD at Toronto waa a good one, they are aost unhappy about c%rtain depart- 
nental attitudes and support services. 

Some stt^dents claln, rightly or vrd^ly, that consulting takes so mich of 
their advisor's time that they have difficulty In seeing hla as such aa they 
would need. Students criticise the departaent'a apathy In orjganlslns actlvl< 

. ties that vnuld provide on a continuing baals a stlwslatlng Bllleu for thea, 
such as sealnara. They claim that, of the nuaeroua graduate couraea of failed, 
on paper, too few are really given, too often aelected for the needa of the 
practicing englneera ^Aio reglater In the courae neater *s prograaie and thua 

. given In the evening. 

One unlveraal aburce of dlacontent la the poor quality of the aervicea 
obtained froa the engineering library and to a aonevhat ledaer degree froa 
the departaental aachlne ahop and atorea. Many atudenta go regularly to a 
' municipal library to read chealcal engineering technical joumala. 

11.7 FacUltlee and Servlcee 

The chealcal englnaierlng building la now undergoing extensive aodemita- 
tlon and shows proaise of being converted to a firat-daaa building. The 
type and quality of •Inatniacntatlon are evidence of a aature, well-financed 
dcpartaent. 

i 

11.8 Supporting Servlcee 

By contrast, aoae of th^aupportlng services range froa aedlocre to very 
poor.. The computer fa^lltlea are excellent. However,, coaplalnta regard- 
ing the engineering library were general aaong staff aa well aa graduate 
students. Coaplalnta were vodferoua, especially aaong the PhD atudenta, 
about the lack of aecurlty ayateaa which reaulted'ln long abaencea of 
Journals, books, etc.- The students coaplalned of a 4-6 aonth backlog 
in the badly-overloaded chealcal engineering workshops < In the spring 
the situation was deacrlbed aa intolerable when Ath-year undergraduate 
projects saturate the shops. The store-rooa was dso being renovated 
and enlarged but waa found to be full of outmoded fiassware and ancient 
bcfttles of chealcala. A major effort la' needed in the area if thia facil- 
ity is to be useful. 



11.9 Financial Support 

* * • " . * 

Of the oastcr'i and PhD student! ^1968-1973), 45Z ware supported by aajor . 
scholarships (graater than $2,500). The reaalnder racaivad an avaraga of 
$4,160, of which $3,360 cane froa tha rasearch grants and $800 for services 
as teaching assistants. 

llalO Ettploymcpt 

No uneaployaant problem exists for graduates of thla dapartaant which 
produces the largest nuaber of PhD chealcal engineers In Ontario. 

Employment statistics for PhD sraduatas of this department for the parlod 
1969-73 are shown in the following table. 



Table 11.10 



Employer 



First position held - 
Suaipary for 1968-69 to 1972-73 



Ont. 



Rest of 
Canada 



USA Home 

. Country 



Other Unknown 



University 9 

Industry 22 

iGovemmeht 3 

C^munity College- 
or High School 

Fellowship 3 

Research (other 

than Fellowship) 7 

Other 

Unemployed 

Unknown 



• 1 



11.11 Graduate School 

In ganaral, the graduate school at Toronto has about the saae role as the 
. graduate schools of all other Ontario universities'. Its Influence Is 
prinarlly academic, with very few funds available to support graduate 
activities of the departments. The consultants felt that in general the 
chemical engiheeting departrnttnt was highly regarded by the' gi^aduate school 
and ranked high in comparison with other engineering departments. 

11.12 University Administration 

The university administration has just completed a study of the problems 
facing a university under a, steady-state situation. There was clearly 
some concern and some uncertainty about the effect of CERCL on the hiring 
policy of the Chemical Engineering Department. There was also an apparent 
worry about whether young faculty were getting caught up into consulting 
activities too early in their careers. In a discussion on tenure policy,' 
it was pointed out that new policies now-being written will carry criteria 
for outside consulting. Without exploring the present tenure practice in 
depth, it appeared that tenure decisions were largely departmental in 
nature, starting with a recommendation from a departmental committee, with 
approvals going through the Dean, the graduate school, and cfrtain cognate 
departments. The consultants were impressed with the realistic views of 
the Vice-President and Provost and his apparent insight into the chemical 
engineering department's activities. _ ~- 
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.12, imiVERSITY OF WATERLOO 
12.1 Faculty 
12.1.! Quality 

All nentbers of the Chemical Knglneering Department at this university are 
academically well qualified and have a ThD degree. None of them obtained 
It at Waterloo and there is great diversity in the universities where they 
were awarded: nineteen universities are represented from Canada, the U.S.A. 
Great Britain, Germany and the Netherlands. This is certainly an extreme- 
ly important f&stor in enriching the collective way of thought and methods 
of training students in the department. 

Althdugh the quality of rcisearchers is by no means uniform, there is a 
larqe group of very productive people and there is an excellent spirit 
of cooperation among the staff, providing a stimulating milieu fpr stu- 
dents. 

The age distribution of the staff is almost Gaussian, ranging from 29 to 
53 years, which makes it a rather young group. Eighteen faculty members 
have had exoerience outside the university world, mostly In industry and 
the aggregate average for the whole department is four ytars. 

Seventeen members of the staff have records of PhD theses successfully 
completed under their direction and four others are presently engaged 
in their first experience, at this level. All but one have experience 
of supervising at the master's level. 

12.1.2 Discipline Background 

Six faculty members hold their first degree In disciplines oth^ than 
chemical engineering; four in chMilstry, and two la Mtallurgy* At 
the doctoral level, eighteen were in chemical engineering, six in 
chemistry, two in metallurgy and one each in controls and statistics. 

It must be remembered that /this department teaches more undergraduate 
chemistry than is ysyal for a chemical engineering'department. 

12.1.3 Research Productivity 

Thirty-six PhD degrees have been awarded in the department during the 
last five yearn. This is the second largest output in Ontario. 

At least four faculty members have a remarkable publication record and 
about a dozen others have a very good one* These form a high quality 
«grouD. 

The data provided to the consultants indicate that the average NRC/DRb/ 
MRC onerating grants oer faculty member receiving grants were about . 
average among Ontario departments but slightly above the Canadian 
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average for th« dltclpllnc In 1972-73. Eighty-two percent of the eteff 
received auch granta In 1972-73,' but there waa no alngla very large (above 
$20,000) grant. 

A large number of faculty nenbera alao receive alseable griinta from, other 
agenclea. Availability of reaearch money la then not the Uniting fac(br 
In PhD output. 

12.1.4 External Involvement 

Here again, a large depar'tment preaenta varying degreea of involvement in 
unlveralty, civic, profeaaional and aclentiflc aoeietlea. Waterloo I9 weTl 
located In an Induatrlal area, allowing easier contact* with Industry. 

A moderate amount of consulting brlnga In aome ncv Ideaa for reaearch. 

12.2 Reaearch Protrammeat Claaalflcatlon, Scope and Coordination 

Hlatorlcally, reaearch actlvltlea In chemical engineering at Waterloo have 
fallen Into five groupa: 

1) Biochemical and Food Engineering; . 

2) Extractive and Proceaa Metallurgy; • 

3) Polymer Science and Engineering; 

4) Mathematical Analyals and Control; 

5) Tranaport Proceaaea and Kinetlca. 

Here again, the acope iH generally rather wide ao that a large aector of 
chemical. engineering la covered. 

♦ 

The groupa exlat to coordinate couraea and to make more efficient the 
acqulaltlon of reaearch equipment, the uae of apace, the recruiting of 
atudenta, etc. Aa new ataff Joined the department, it. became natural for 

them to join one of the groupa. 

This clasalflcatlon correaponda generally to that found In Table 6.14. 

12.3 Departmental Goaie and Evaluation 

The statement of goala and objectives for the Department of Chemical Engi- 
neering at Waterloo was leaa poaltlve and definitive than the statcnSnts 
of other departnenta. The queatlon of doctoral planning at the depart- 
mental level waa avoided by the excuae that "...an atmoaphere of rapidly 
changing provincial educational pollclea, ongoing re-negotlatloha of 
^Federal-Provincial cost-aharlng arrangementa , and fluctuating atudent 
enrolment (our 1972 f Irat year, undergraduate enrolment waa 40Z higher 
than In 1971 which,. In turn, was 302 lower than 1970)..." makea planning 
"...slightly leas meaningful than King Canute'a effort at controlling the 
ocean". 

As a result of the concern expressed above, the department's goal la Set 
forth by the following statement of the department: "In auch an atmo- 
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sphere of uncertainty and change» one can only adopt the objective of 
continuing to educate those high quality PhD students vho are attracted 
to us« We can do this only by providing then vl^ an environment In which 
high quality research is directed by strongly notlvated faculty*'* 

In spite of the rather diffuse etateaent of goals by the departnent, it vas 
clear, as in the case of other cheaical engineering departaents, that 
Waterloo has endeavoured to group its research activities under five cate- 
gories;, a sixth group in Environoiental Engineering is in an enbryonic &tate 
and concerned at this moaent only with course developaent. It is also 
worthy to note that the departaent intends to ensure research activities by 
the use of acre post-doctoral fellows and hired research assistants (non- 
. degree candidates) if this should become necessary. 

12. A Departmental Policies 

Departmental operations are administered by a Chalraan and two Associate 
Chairmen. There are 28 full-tlae faculty, with .several generally on leave 
at any one tiae. All undergraduate students 'study on a Co-op Prograaae. 

12.4.1 Operations 

Departmental operations clearly are affected by the Co-op Prograaae, with a 
continual movement of groups of students into and from industry each term. 
At any one tiae, on and off caapus, there are froa 400 to 500 undergraduate 
students in the departaent. At the graduate level, five aajor groupings 
are Identified which reflect existing research Interests of the staff. How- 
ever, not every faculty aeaber can supemfise PhD students. 

12.4.2 Admissions , 

Admission practices again are somewhat the saise as those of other departr 
ments, starting with the receipt of initial inquiry, followed by a chain 
of steps resulting in the final selection of qualified applicants. The 
department looks upon all incoming graduate students as master's candi- 
dates even If they already have this degree. This policy undoubtedly could 
result in a longer than necessary time spent In graduate study If an In- 
coming student with a master's is indeed qualified to proceed inedlately 
toward the PhD. In those cases where a graduate student has been In the 
system for thirteen terms, his situation in, scrutinized by the graduate 
school to determine the cause. 

12.4.3 Examination Procedures 

The principal examin&tlon for a PhD candidate Is the so-called 'proposl- 
tlonal. exam', for which the student prepares a comprehensive literature 
review and conducts some preliminary experimental work. All examinations 
are chaired by the Associate Chairman In charge of graduate studies. Thesis 
examinations again follow the usual pattern of a combination of depart- 
mental and university faculty plus an outside or external thesis examiner. 
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12.5 CoopTatlon>wlth Othar PtPTOitPti 

Cooperation to b« v«ry good with othtr •nglnctring d«pa«tMnttf, but 

no eroii-fcrtlllMtlon with physleii and ehamiatry dapartaants vaa notad 
(othar than tha oeeaalonal uaa of larga piaeaa of aquipaant and ona eroaa- 
appointmant with ehaalatry) . Chaalatry eouraaa ara taught to tha undar- 
graduata anglnaara in part by tha ehaaiatry dapartaant. 

12.6 PhD Studanta 

12.6.1 Nuabara 

Tha nuabar of PhL atudanta a*| tha Univaraity of Watarloo haa avaragad 
thirty-nina ovar tha laat fiva yaara. Tha dapartaant baliavaa that thaaa 
r.uabara will daelina in tha ioaadiata futura aa fawar atudanta bacoaa 
intaraatad in PhD atudiaa owing to f allaeiaa apraad by tha aadia eonearn- 
ing tha lack of daaand for PhDa. Undar thaaa eonditiona , ' tha dapartaant 
doaa not want to apaeify any daairad nuabar of atudanta ; but will atriva 
to naintai or Inprova praaant quiility. . . , 

12.6.2 Origina - Itttgaadint 

During the period 1968-73, tha proportion of full-tiae Canadian PhD atudanta 
to foreign atudenta, haa gone down gradually froa 1 to. 2 to 1 to 3 or laaa 
at Watarloo. Thia univarjiity haa had the largaat nuabara of atudanta froa 
Aaia arid the Middle Eaat. The departaant liaa had average aueeaaa - by 
Cariadian atandarda - in attracting atudanta, froa othar Canadian univaraitiaa. 
At the aaae tiae, a aaall ptoportion only of ita larga graduating elaaaaa 
ataya on for graduate atudiaa. Thia aay be the reault of the operation of 
the undergraduate Cooperative Prograane which builda into the atudent a 
tendency to take up peraanent eaployaent ioaediataly upon graduation. . 

li2.6.3 Length of Studiea and General Level of Satiafaction 

Thia univeraity waa the firat to, be viaited by the conaultanta aa a group 
and out of intxperience, they did not requeat a aeeting alone with atudenta. 
Theae ware aat individually, in preaence of their auperviaora ao that the 
viewa expreaatd were probably- laaa candid than alaei^ere. At any rate, the 
atudenta all*aeeB to be well aatiafied with their environaent, and alao 
with aupport facilitipa of all kinda. 

The average tiae to coaplete doctoral atudiaa froa regie tration in the 
graduate school to the granting of the degree aeeaa ^o be aoaewhat ahorter 
than in aoat other departaenta at A.S-5 yaara. 

12.7 Pacilitiea and Servicea 

The departaant is houaed in a new building with excellent facilitiea and 
laboratoriea . The equipment however, ia all aaall acale, falling alaoat 
entirely into the 'engineering acience' category, rath.er than in the 
* engineering' one. 
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12.6 Supporting STylcti 

Conputlng and workfhop faellltlcf vm found to bt exetlltnt. Vhllt tht 
dopartnontal reading rooa and Mln library vara clataad aa vary good, yat 
eonplalnta %m volead that graat laeunaa axlatad in tha biological and blo- 
nadleal aelanea araaa (naadad for thoaa in tha araa of blo-anglnaarlng) . 
Complalnta wara alao volead about tha Inordinately long tlaa It tudk for 
Intar-llbrary^loana to arrlva. ' 

■ • . ' ...» . • ■ 

12.9 Financial Support 

Qraduata atudantu raealva a alnlsTta of $4,500 par yaar. Of thla aaouat, 
$3,300 la from a raaaareh grant (typically NRC) and $1,200 fro* tha dapart- 
nant for aarvleaa randaraa a» taaehlng aaalatanta. 

12.10 Eaployant 

Data ra a^>loyBant of PhD atudanta (1969-1973) ara ahown In tha following 
table. 



Table 12.10 

Flret poeltlon held 

ry for 1968-69 to 1972-73 



Employer 



Ont. 



Reat of 
Canada 



USA Hose 

Country 



Other Unknown 



Unlveralty 2 

Induatry 7 

Government " 2 

Coamunlty College 

or High School 1 

Fellovahlp 

Reaearch (other 4 
than Fellovahlp) 

Other 

Unemployed 3 
Unknown 



2 
1 



5 
1 



1 
2 



12.11 Graduate School 



At Waterloo, there la no graduate acfiool or Faculty of Graduate Studlea 
aa auch. Hovever, there la an office vlth a Dean of Graduate Studlea vho 
chairs a graduate council. The main function of the latter vat atated to 
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be th« screening of PhD theils coMfttees «nd •kternal csMlncrs. Only 
inforaal ties .exist bscwssn ths grsdusts council and the dspartaMts of 
the university, which is aore or less the nonul state of affairs In 
aost of the Ontario universities. 

1?.12 University Adainistration 

Mo direct discussions were held with individuals at the top adalnlstrative 
level so that it is not appropriate for the consultants to coaaent on 
adainlstratlon attitudes in the case of Waterloo. 



13. UNIVERSITY OP WESTERN ONTARIO 



13.1 Faculty 

13.1.1 Quality ' '■ , ■ ' 

All Bcnberi of the chemical anglnaarlng grpup arc acadaalcally wall quali- 
fied and have a PhD degree.' One of then obtained It at Ueatem Ontario 
and there la a good diver alty In the other unlveraltlea where they were 
awarded: eight unlveraltlea are repreaented froa Canada, the U.S.A.. Great 
Britain and Auatralla. There la thua a good alxture of achoola of thought 
and typea of training biflnglng enrlchaent to the' Intellectual life of the 
group. ^ ' 

The latter^ Is remarkable for Ita cohealveneaa, Ita enthualaam and Ita 
ability to take courageous policy dedalona. 

The age distribution la aomiewhat unuaual. All are In the 43-49 ago brackat 
except for two younger and one older ataff membera. It la a mature group, 
with varied experiences of doctoral programnes. 

All membera but one have had aome experience outalde the unlveralty world, 
either In Induatry or In govermient; the aggregate average tor the group 
la over jIx yeara. 

Five members of the ataf.f have recorda of PhD theaea aucceaafully completed 
under their direction and the five othera are preaently engaged In their 
first experience *at this level. All have experience of aupervlalng at the 
maater*s level. ;^ 

Great effbrta have been made with good aucceaa to reinforce their group 
during thelaat decade. 

13.1.2 Discipline Background 

Two staff membera hold their flrat degree In dladpllnea other than chemi- 
cal engineering: one In chemlatry and the other In bacteriology. 

At the doctoral level, two were In chemlatry, one In blochemlatry, one In 
microbiology and the others In chemical engineering. 

The name of the group In fact Is Chemical and Biochemical Engineering. 

13.1.3 Research Productivity 

Only three PhD degrees have been awarded In the group during the last five 
years, as the doctoral programme la a rather recent endeavour. 

Two faculty members have a remarkable research publication record and three 
others have a very good one. The reat la average or below average. 



The data provided to tha eonaultanti Indleata that tha avataga MRC/DRB/ 
MRC operating grant per faculty aaBber receiving granta vaa alightly 
above Ontario and Canadian averagea for 1972-73. Three-quartera of the 
ataff only received auch granta in 1972-73. 

Some ataff meabera alao get reaearch aonay froa other agenciea and froa 
induat'ry. 

13.1.4 External Involveaent 

Many staff nenbera are active in univeraity affaire and a few are quite 
active in prof eaaional and aciecitific aocietiea. Only a moderate aaount 
of conaulting ia done. 

13.2 Reaearch Progra— eei Claeeif ication. Scone and Coordination 

As a conaequence of a policy of the Faculty of Engineering Science, thia 
group haa deliberately aelected four vell-defined areaa of reaearch and 
all faculty neobera had to drop projecta that did not fit the«« Theae 
areas are: 

1) Bio-engineering; 

2) Fluid-Particle Syateas and Fluidization; 

3) Environaental studiea; , ' 

4) Systqas Engineering. 

Table 6.14 shows, by the blanka ;left in the Western Ontario coluam, how 
selective this process waa in coiipariaon to the choice of other univer- 
sities^ I , ■ 

The increaaed enphaaia on environaental atudiea ia a conaequence of the 
faculty's decision to follow the recoMendationa of the Ring of Iron 
report* . •* 

. 13.3 Departmental Goala and Evaluation . 

The goals of the Chemical Engi* eering Group at Veatern Ontario were aet 
forth in considerable detail and in teraa of each reaearch area or cate- 
gory. Probably the aajor feature of the goala and objectivea ia the heavy 
emphasis on the development of environaental ayatema. The plan for the 
development of Environmental Engineering appeara to have been aoundly and 
thoroughly thought through and ahould be regarded aa an important and 
tlesirable goal for the faculty and for the Province. In general, the re- 
search programmea and the reapective goala appear to have a large meaaure 
of relevance in terma of the needa of induatry, aociety, and the govern- 
ment. Furthermore, the goala of the ^roup have atrong and appropriate 
Interdisciplinary characteristics and good tiea with Canadian induatry. - 

It would appear that the, goals of the group have excellent proapecta of 
^educing PhDa with a atrong fundamental underatanding of baaie chemical 
e)igineering coupled with a (ood perapective on the appXicationa of thia 
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basic knowltdgt to iapertant problMt of induatry and th« govtnaaiit. 
FUrthernore, these intardiscipliiuiry sctivitiss srs 7sry inich in th« 
dirsctlon, ss nscssssry, for iaproving ths intsrsction 6f tschnology 
with social problens. Under the leadership of the Dean of the faculty, 
who is also a nember of the group, the goal of developing a Centre for 
Systens Analysis Control and Design should sake theii especially strong 
in this much needed and essential area. The engineer in the next three 
decades must be well grounded in the concepts of systeas, not only tech- 
nical but sociotechnical. 

13.4 Departmental Policies ^ . 

13.4.1 Operations • 

Operations are similar to those of most of the chemical engineering de- 
partments of the Province, namely, the presence of a group structure based 
on classical engiheering , disciplines. This categorisation or identifi- 
cation of research areas is probably convenient, but the group emphasiied 
that it is not intended to be restrictive and encourages faculty members 
to enter. into cooperative research vith other groups and other faculties. 

The group is effectively directed by a Chairmar with administrative assis- 
tance from his staff. The procedures for handling the faculty needs are 
carried out effectively and vith a minimum of red tape. - 

13.4.2 Admissions 

^ ■ 4 

The. admissions practices of the group and the graduate school are fairly 
similar to those of the other departments visited, and adhere to standards 
which endeavour to ensure quality in the graduate students admitted. The 
University of Western Ontario, in coMon vith' the other universities, is 
faced with the. problem of reviewing application requests for many foreign 
students and making decisions on maintaining a desirable balance between 
Canadian and foreign students. 

13.4.3 Examination Procedures 

PhD candidates are required to satisfy faculty standaids through the usual 
system of examinations, which appear to be adequate tests of student accom- 
plishment and quality. As in other cases, th^ thesis examination ineludes 
an external examiner selected by the graduate school. > 

The department encourages post-doctoral fellowship appointments, and currently 
has from six to eight in the department. Such appointments give strength to 
the research programmes«r . 

13.5. Cooperation with Other Departments 

The Faculty of Engineering Science is not set up on a departmental structure, 
10 that it is difficult to assess the contacts of the chemical engineers 
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with th« other •nglfiMrlnt 41ielplln«i. Individual chtBical •iitln««ra 
■MMd to have good contact v^h othar anglnaari in tha Faculty. Vir- 
tually no conuct at all occuri hatwaan tha chaalcal anglnaari €nd chan- 
lata. Tha taachlng of bailc chaalitry to undargraduata anglnaari, howavar, 
la dona .by tha cha«litry daparoiant. o 

13.6 PhD Studanti 

13.6.1 Nuabari _ * 

Tha nuabar of PhD itudanti at Waatam Ontario hai avaragad fourUan ovar 
' tha lait fiva yaari. In contrait with «any othar dapartaanti, thli nu«- 
bar haa baan ataadlly growing froa nina to twanty. 

Tha group li not too kaan on larga Incraaiai for tha iaaadlata futiira; it 
would accapt ona additional itudant aach yaar or avary aacond yaar. 

1316.2 Orlglni - Inbraadint , 

Tha Unlvarilty of Waitarn Ontario hai baan ona of tha aoit luccaiiful 
(with McMaatar) in attracting a larga proportion of graduatai froa othar 
Canadian unlvariitlai . Thii aay hava baan dua in a larga aaaiura to ita 
apaclalisatlon in blo-anginaarlng and anvironaantal itudiaa. Porai^ 
atudanta hava, howavar, ^aan in larga aajorlty, ai coaparad to Canadian!. 

13.6.3 Lantth of Studlai and Ganaral Laval of Satiifactlon 

Tha nuabara involvad ara too aaall to allow a aaanlngful calculation of 
tha duration of doctoral ttudiai. 

Tha PhD itudanti ara qulta ■atiiflad with all aipacti of tha working con- 
dition! in thii group. Tha faw aourcai of coaplaint that had aziitad 18 
aonthi ago during an. aiiaiiaant aada by ona of tha conaultanti hava appar- 
ently baan allalnatad. 

13.7 Pacilitlai and Sarvlcaa 

Tha chaalcal anglnaari ara houiad in a ralativaly naw building with vary 
good facilitiai, although cartain raiaarch araai, a.g., blochaalcal angl- 
naarlng, ara houiad in a lo-callad 'taaporary' building. Evary araa laaai 
aztriaaiy well aqulpf^l, not only with good laboratory aqulpaant and Initrv- 
aantatlon, but alio on a aacro laval. 

13.8 Supporting Sarvlcai 

Tha library, coaputar, and workihop facllitlai wara all found to ba axtraaa 
good. I ■ 

13.9 Financial Support 

Only 7Z of ttudanti (1969-1973 avaraga) wara lupportad by aiijor icholir- 
ihlpt (valut graatar than $2,500 i>ar annua). Tha othari (froa data 
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supplied by the department) received an average of $6,000 per annum (iaade 
up of $3,360 from research funds and $2,640 from teaching asslstantshlps) . 
This seems to contravene the COU dicta! 

13.10 Employment 

Since there were no PhD graduates In 1968-69 and 1969-70, employment data 
In the following table refer only to 1971-1973. 

Table 13.10 

First position held / 
Summary for 1970-71 to 1972-73 

Employer Ont. Rest of USA Home Other Unknown 

Canada Country 



University 1 1 

Industry .1 

Government 

Conmunlty- College 
or High School 

Fellowship 

Research (pther 
Chan Fellowship) 

Other 

Unemployed 
Unknown ' , 



13.11 Graduate School 

The Faculty of Graduate Studies Is under the direction of a hew Dean, who 
Is very knowledgeable about the problems of graduate education and who 
appears to have capability and competence to cope with the shifting sands 
of new graduate programmes . The graduate school does involve Itself in the 
development of establishing a select list of faculty members who can direct 
graduate work and supervise PhDs. In general, it appeared that the faculty 
has good relations with the departments and groups and is 8up|f6rtlve of their 
needs to the extent of its limited financial capabilities. 

13.12 University Administration 

The administration of the university, judged from a brief visit with the 
Academic Vice-President, would indicate that Western Ontario has a pro- 
gressive and forward-looking administration, which will ensure that the 
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acAdtmle progriMitt rraain strong and that waak onas will ba aerutlniiad 
with conaidarabla eara. 



ERIC 
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14. UNIVERSITY OP WINDSOR 

* . . . ' 

14.1 Faculty 
, 14.1.1 Qualtty 

Five of the seven iBeBt)eri of the Chemical Engineering Department are 
academically well qualified and have a PhD degree; a alxth one ie In the 
proceas of obtaining It and the seventh compensates by a long Industrial 
experience. The doctorates already obtained were granted by three uni- 
versities, one in Canada and ^o In the U.S.A. 

The Faculty of Applied Science has devised a scheme to compensate for the • 
small size of its departments, by which research activities are carried 
.out in faculty-wide units, built around themes so that the student may 
also Interact with faculty members from other departmenta. 

The department takes graduate ^tudles very seriously and in the summer of. 
1972 made a hard decision' to limit the number of students admitted to the 
master's progratame. . 

The age distribution in the group is very wide, ranging from 30 to 58. 
Only three staff members have had experience outside the university but 
nevertheless the aggregate average for the department is about three yHrs. 

Pour members of the staff have records of. PhD theses successfully completed 
under their' direction. All but the youngest one have a very good experience 
of supervision at the master's level. 

14.1.2 Discipline Background ^ 

All department members hold their first degree and doctorates in chemical 
engineering. 

14.1.3 Research Productivity 

Six PhD degrees have been awarded in this department during the last five 
years. 

Three fic^ilty members heve .good publication records, but the remaindefis 
fair or bclo<^^ yerage. 

The data provided to the consultants Indicate that the average NRC/DRB/MRC 
operating grants per faculty member receiving grants were well beloy Ontario 
an4 Canadian averages for 1972-73. Five staff members received such grants 
in 1972-73. 

In addition, two professors share sizeable grants from other agencies. . 



o 
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1A*1.A ExtTnil Invpivment 

Most faculty nenbers have bten or itlll arV very active In scientific and 
professional societies. A fair amount of consulting with Industry Is re- 
ported; It Is probably healthful for a department of this else. . 

J . 

14.2 Research Prograwlcs; Clastlf Icmtioiu Scope mnd Coordination 

lit 1971| the Faculty of Applied Science decided that the research efforts 
should be reorganised to bring together around a research theme faculty 
nenbers from various departments but with parallel research interests so 
that the teams could be stronger and thus provide the students with a more 
stimulating environment. One such theiBe-i.sv -Engineering Proc^ Design* 
and it so happens that chemical engineering research done at Windsor falls 
into that category under three headings: - 

Ij Thermo-fluid research; - . 

2) Environmental studies; 

3) Chemical Process Design. ; 

The transposition of this into traditional c4ge tor ies still results in 
dispersion however » as is shown in Table 6.114. This may simply indicate 
that too much importance should not be attached to classifying research 
projects into rigid categories. ^ 

14.3 Departmental Goalrf and Evaluation 

The goals of the graduate programmes of the Chemical Engineering Department 
at Windsor will be effected by a proposed Divisional Plan for Graduate 
Studies. This plan would consolidate seven undergraduate departments under 
three graduate divisions of engineering process design i structures! ^nd 
systems. There would be an elected chairman for each division. The pro- 
posed divisional arrangement is an effort to exert more control and plann- 
ing for couroesi and would determine the number and leVel of graduate 
students a division wished to enrol. Thir plan clearly indicates a rea- 
listic effort to coordinate the graduate i)iogrammes of its relatively small 
Faculty of Applied Science and to produce interaction of the several engi- 
neering disciplines. **l/nder this plani the Cher leal Engineerif]ig Depart- 
mental members find themselves entirely wlthiti the 'Engineering Process 
Design Division • . J : . 

The research plans of most of the individual department members i*in general , 
indicate intentions to shift into new directions which are socially rele- 
vant and largely concerned with environmental problems. . Over-all |o thes^ 
plans and goals appear logical and desirable. The stated intention of the 
department members to participate with various members of the process de- 
sign division is an especially desirable objective. 

The Interest in so-called * social engineering* appeared to b^^. strong on the 
part of the department ;3hairman. 
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The incoming new Dean of Engineering nay ilter some of the faculty's and 
department's stated objectives. 

1A,A - > Departmental Policies 

i4,4,l Operations 

In a small department , such as at Windsor , policies and procedures do not 
require a high degree of formal structuring. With the small number of 
graduate students involved, clearly it is possible to treat each student 
individually, and minimise the need for highly structured operations and 
aomissions procedures • 

Admissions 

Admissions procedures follow the usual pattern of processing letters of 
inquiry, review of application forms, etc. Quality standards are main- 
tained in selecting graduate students. 

14 .4 .3 Examination Procedures 

Examination procedures were found to be somewhat similar to those used 
elsewhere, with some simplifications allowable because of the sise of 
the department. * 

lA . 5 Cooperation with Other Departments 

The divisional arrangement is an attempt to produce viable groups. Even 
though the total number of faculty members in a division (20) is still 
small, yet the arrangement should produce good interaction between disci- 
plines, and is really the only way in which anything approaching critical 
size can be produced. Difficulties with the structure were voiced since 
obvious conflicts between the department and the division re authority, 
autonomy, etc., ai:lse and await clearer definition/ The teaching of basic 
chemistry with the exception of a few courses, to the undergraduate chemical 
engineers is done by the chemistry department. 

14 ,6 PhD Students • 

14.6.1 Numbers 

The number of PhD students has remained constant at five over the last 
i:ive years. The department would wish to have one additional student 
immediately. 

14.6.2 Origins - Inbreeding 

Even though the small numbers #ivolved do not Justify the drawing of firm , 
conclusions, it appears that whidsor presently has a low power of attrac- 
tion for students from other Canadian universities. The department has no 
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other alternative than to draw Its clientele from its own students and 
foreign students until it acquires more visibility on the Ontario or 
Canadian scenes. - . 

14^7 ^ Facilities and Services 

Laboratories, offices and classrooms are adequate and meet the needs of 
the department* 

14 ,8 Supporting Services 

Supporting services such as workshops , library, computer facilities were 
found to be very good« 

14t9 Financial Support 

PhD students receive up to $4,620 per year, made up as payment for teaching 
asslstantshlps and support from research grants* 

14,10^ Employment 

All PhD graduates since 1969 were able to obtain positions or post-doctoral 
fellowships as 'shown in the following table* 

Table 14*10 

First position helJ 
Summary for 1968-69 to 1972-73 

Employer Ont* Rest of USA Home Other Unkno%m 

Canada Country 

University 

Industry; 2 11 

Government # . . 

Community College 
or High School 

Fellowship 2 

Research (other 
than Fellowship) " 

Other 

Unemployed 
Unknown 
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14.11 Graduate School 

c 

The Faculty of Graduate Studlea' relations with the various faculties are 
quite comparable to those of most other universities, namely, minimal. 
The leadership for graduate programnes and planning certainly Is In the 
domain of the Faculty of Applied Science. 

14.12 University Administration 

There Is obviously good rapport between the university adnlnlstriitlon and 
the engineering departments. Much positive leadership Is offered by the 
top level of the administration. 



4 
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15. CONCLUSIONS 

The consultants for PhD progranmes in chemical engineering spent approxi- ' 
mately eleven days visiting the seven Ontario department of chemical engi- 
neering. On the basis of these visits, plus information provided in vast 
amounts on each department, the consultants were directed to evaluate their 
PhD programmes on a number of counts. The consultants, as academicians, 
believed that to make their assessment useful and valuable, they should be 
as critical of some of the forces underlying the reasons for the study, e.g. 
manpower forecasts, as they .would be of the departmental programmes reviewed. 

Following are the essential conclusions on which the recommendations are 
based: 

♦ . * . 

1. Forecasts of manpower needs are generally unreliable. The consul- . 
tants v^re skeptical of the value of such forecasts for long-range 
academic planning. It is virtually impossible to forecast with any 
reasonable degree of certainty emplo3nnent trends in a field like 
chemical engineering. First of all, .economists* forecasts, by their 
o%m admission, are so nebulous, that it is impossible to base firm 
predictions on these. For example, predictions in 1962 showed that, 
in virtually every scientific field, the PhD production in Canada 
would never equal the demand. Some six or seven years later, this 
was shown to be far from the case* Secondly, even if these fore-f ' 
casts were better than we think they are, in a specific area like 
chemical engineering, they could well be rendered Invalid by a very 
simple government act such as,. for example, putting a high priority 
on anti-pollution, etc. The consultants' concluded that it is im- 
possible to *play the numbers^ game* and propose quotas for each 
school, or indeed a quota for the provincial pool. It must be 
recognised that any quota established today deals with chetnieal 
engineers produced in 1977-79 and it would take a very bta\e per- 
son to predict "needs for that time with any pretense of accuracy 

or precision. 

We dp not subscribe to the formula laid down in the Ring of Iron 
which attempts to set an overall limit of 450 PhD students in engi- 
neering and then attempts on a formula based on unrfergraduate .enrol- 
ment, to limit PhD students* This would obviously militate against 
schools that have specialised in graduate education and would, for 
example, put a school like California Institute of Technology In a 
, highly inferior position vis-ll^vis some of the larger State univer- 
sities, if one would take an American example. 

2. In evaluating PhD programmes, it is essential to recognise that as 
educational programmes they involve the lives and careers of students 
with high intellect:, with above-average motivation and drive, and 
with potential to advance a nation*s economic, cultural and material, 
well-being far out of proportion to their numbers. Accordingly, PhD 
programmes' cannot be evaluated on simple cost-benefit formulas, or 

\ 
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regarded as a commodity to be curtailed or expanded according to 
the fluctuations of the demands of the market. place. 

There Is no question In the consultants* minds that If pressing 
technological-sociological problems are to be sblvied, technology 
will be essential to their solution. Chemical engineering will be 
a primary tool used In solving problems of the future. In the 
fields of environment, energy, resource management, recycling, etc. 

Althougtv the educatlon^f PhDs In chemical engineering In Ontario 
Is designed primarily 4o serve the needs of ^ the population of this 
province, yet traditionally a great deal of the needs of the rest 
of Canada (plus to some extent the U.S.A.) have been supplied by 
Ontario schools. Some Ontario undergraduates go elsewhere for 
their graduate training, hoping to return to their native province. 
In addition, a fairly large number of students will come to Ontario 
for PhD training from the rest of Canada, from bthkr parts of the 
world, some expecting after graduation to return to their native 
habitat. Clearly, therefore, the Ontario chemical engineering 
departments fulfil a broad national need. 

The consultants recognized that PhD programmes are among the high- 
est cost programmes of higher education and accordingly the con- 
sultants are cognizant of the necessity to ensure that such pro- 
grammes do not proliferate In an uncontrolled manner. Nevertheless, 
the consultants firmly- believe that any chemical engineering edu- 
cational operation must be vertically Integrated so as to Include 
the PhD, to some extent, bearing In mind the proportlohably higher 
cost of such a progranne. The case for this seemy to be self- 
evident, even If or% considers only the Impact of the scholarly 
Involvement of the staff member on the undergraduate teaching 
function. 



There Is some evidence that the number of department of chemical 
engineering In Ontario Is greater than called for by present needs. 
Therefore, It/ Is logical to conclude that the Ontario government 
In friendly cooperation with the universities should consider pro- 
cedures to consolidate the present system. 
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Pream ble 

The final report of the Chemical Engineering ACAP Consultants 
has heen examined by the Discipline Group Committee consisting of 
representatives from the University of McMaster, the University of 
Ottawa, Queen's University, the University of Toronto, the University 
of Waterloo, the University of Western Ontario and the University of 
Windsor* 

The Discipline Group strongly supports two basic positions taken 
by the Consultants* The first is relate: to the job market and the 
need for PhD programmes, as get out in section 2*5 of the Consultants' 
report* Engineering manpower predictions are Indeed ''precarious and 
hazardous endeavours", it is "difficult to assess the damage created ' 
by such erroneous forecasts", and it is clear that "a serious shortage 
of engineers can occur during the next five years"* The Group also 
agrees with the view that, "the PhD chemical engineer by virtue of his 
education possesses such a powerful potential for career opportunities in 
a variety of fields that the question of the job market was not too 
relevant to the assessment"* 

The second basic position which the Group strongly supports is 
implicit in the^onsultant^s' analysis, and is that the discipline of 
Chemical Engineering must be treated as a unified field* and must not be 
subdivided and reclaTssif led into arbitrary sub-fields* 

In general, the report and its. recommendations were very well received 
by the Discipline Group* There are, as would be expected, some disagreements 
in emphasis and some in substance, and these will be discussed by direct 
reference to the individual recommendations* 

Recommendation 1 

We agree with the recommendation, with the understanding that inter- 
disciplinary cctions are important and that some PhD graduates cannot be 
catep;orized* into traditional groups exclusively* 

Recommendation 2 

Agreed, 

Reconmaadations 3 and 4 

We agree with recommendations 3 ^nd U\ however, a combination of both 
could imply that a university temporarily not offering a doctoral programme 
should not offer a Master's or undergraduate programme -* with this we do 
not agree* 

Recommendation 5 * V 

We agree with recommendation 5 .as iyis interpreted fcy the authors in 
the light of section 2*5* / 
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Recommendation 6 

We agree with recotranendatlon 6 and would welcome even stronger 
measures* 

Recommendation 7 

Agreed. 
Recommendation 8 

Agreed. 
Recotmnendatlon 9 

• 

The Chemical Engineering Discipline Group has an Informal agreement 
to review admissions annually on a provlnce-vlde basis. This Is Intended 
as a means of exchanging Informatloni and as an opportunity to exercise 
moral suasion by review and discussion within the group* This we feel to 
be prudent and practical. ThuSi. we Intend to Implement the iElrst two 
paragraphs of Recommendation 9 In a formal way but we reject paragraph 3 as 
an unacceptable mechanism. 

Recommendation 10 

The group agrees with this recommendation / with the understanding that 
such steps should not Impair .the right of the student to attend the school 
of his choice. 

Recommendation 11 ' 

The group Is concerned with the implications of a rigid interpretation 
of this recommendation. It does not follow that grouping of research Into 
well«-def Ined areas leads to the most stimulating environment for the students. 
If groups are too rigidly delineated i interaction among faculty and students 
In different groups may be stifled. Indeedi we believe that groups should 
be flexible and overlapping so that new ways of combining areas of expertise 
will arise easily. 

Recommendation 12 . * 

We choose not to comment because this Is a matter which Is outside the 
area of special concern of the Discipline Group. 

Recommendation 13 

The group strongly believes that the size- of a department Is not an 
effective Indication of the quality of Its PhD programme. 

The effect of this recommendation would be that an average enrolment 
of less than ten PhD students oVer the next five years would serve to Initiate 
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a review of the quality of the programme at the university. In question. 
The Group has no objection to the number ten being used to Initiate a 
review of programme quality. However the Group Is unanimous In stating 
that If as a result of this review a Recommendation Is to be made to 
suspend the PhD prograraine of the cfepartment concerned, thpn before this 
recommendation Is made a review of the PhD programmes of all Chemical 
Engineering Departments In Ontario should be undertaken, and that any 
recommendation to suspend a PhD programme at an Individual university 
should be made In the light of the complete assessment of the Ontario 
Departments of Chemical Engineering. This Is regarded as a necessary 
protection for the quality of PhD studies In Ontario. 

Recommandat Ion 14- 

We agree as a discipline group with the desirability of student mobility 
within and outside of the Ontario system. 

Recommendations 15, 16 and 17 

These recommendations deal with Indlvlduaj universities and have not 
received the detailed consideration of th i discipline group. We dif 
however believe that there Is not an excessive number of departments 
of chemical engineering In Ontario and we believe that the report does 
not present convincing evidence that there Is an excessive number. 



M. B. Bergougnou, University of Western Ontario 

C. M. Crowe, Chairman, McMaiter University ' 

J. Downle, Chalrolan, Queen's University 

B. C.-Y. Lu, Chairman, University of Ottawa 

K. F. O'Drlscoll, Chairman, University of Waterloo 

R. A. Stager, University of Windsor, 

W. F. Graydon, Chairman, University^ of Toronto 
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UNIVERSITY COMMENTS 



Comments appear from Carleton, McMaster, Ottftwat Queen' a, Toronto, Waterloo , 
Western Ontario and Windsor. (Garletbn has no representative on the 
Discipline Group.) 



■ ■ c-1 ■ • 

CARLETOM UNTVI-RSITY ' 

.■■ / 
RESPON SE TO FOUR ACAP ASSESSMT^NTS ON ENGINEERING . 

I 

Introduction • 

Carleton takes the view that Btoups of disciplines should be 
evaluated bcfox-c a clear picture of the situation within a single discipline 

can be obtained. Reports on any one contpbncnt considered in Isolation could 

« »• ■ 

lead to an erroi:^pous judgciT^cftt and unwise and precipitate action. Thfec 
consultants * final assessment reports have now been received for engineering 
disciplines in v;hich Carleton is actively involved: Civil Engincering> 
Electrical Engineering, and Mechanical and Aeronautical Engineering. A. 
fourth report deals with Metallurgical and Materials Engineering, of less 
direct ccacern to Carleton, while a fifth report, not yet received, will deal 
with Chemical Engineering, a discipline not represented at Carleton. 

This rcrjponse will address itself to the four reports which have 
been received and examined to date. We may wish to add further comments 
i^h«n the fifth report has been studied • 

We sem;e a good deal of unanimity on a number of fundamental 
quest lone among the fifteen consultants involved in the four reports so far 
received, a communality of viewpoint which we share and endorse. We believe 
that Engineering has been most fortunate having the assessments carried 
out by a group of consultants whose international stature, valued judgement 
and perspective give authority and credibility to their studies and 
reports.: In general then wc accept their findings and subscribe to their 
recommendations with only a few exceptions to be noted later. 

In thin response we shall* deal first with those matters which we 
believe to be basic and general in nature and leave until the end our views 
on specific points raised in individuaj. reports. ^ ' 



Matters of a Fundamental or Hencfrnl Nature * ' 

1) Control of Student Numbcro ; • ^ 

The four rcpoctn are unanimous In their opinion that previous 
'estimates of the demand for cjiglneers with doctoral degrees, notably those ' 
in the Lapp Report of 1970 and the report for CEMC of 1,973, have erred 
seriously oi\ the lovr side. They point cut that thc;:e Is no evidence of 
difficulty in obt-*lning jobs by students close to graduation, nor dp they 
foresee difficulties in the future except for those which normally occur in 
highly specialized, areas • 

The consultants reject the notion of quotas applied %6 departments 
to control student numbers, in part because th>=i demand seems likely 
to exceed the supply than the reverse, making quotas unnecessary, but in the 
main because they feel that other means of control are to be preferred* The 
report on Electrical Engineering puts it this way: "the number of dOct orates 
granted in electrical engineering (should) be determined by: 

(1) .availnbility of qualified students 
(11) maintenance of adequate standards by the' universities, and 
(ill) the existing capacity (staff and facilities) ^f the universities 
for Riving adequate training." The Mechanical consultants refer to emerging 
natural controls and go on to sav? "We would wish the reisources of the 
present systcr.i, which are predl d principally on uhdergraduate requirements, 
the market demands, the quality of the programme and the good judgement of 
the departments to determine the total number within the system."* 

Carleton sullscribes fully to these views. We believe that rather 
thnn through centrally imposed quotas or limitations the universities 
individually fihould control nitmKprs by restricting admission to students 
showing high promise and by maintaining adquate standards. The latter 
together with the ma7-ket demand will provide an adequate control. We would 
be prcpnred to support the development and adopt ion of an evaluation scheme, 
such ns t^he scholastic index used at Carleton, whloh^can be applied across 
all disciplinns ancl v/hirh could be used in the monitoring of admission standard 
which v;e| believe should be a matter between a university and OCGS. ^We believe. 



hweveiri that the interpretation of these standards- for itidivldual student . 

cases should be left to the informed judgement of the. university concemcd# 

.... * ... 

2) Quality of . /listinR Pror,rammes> Suggestions ^for Change : 

From their comments on the quality of the Ph.D. programmes for 
the system generallyi it is clear that the consultants believe it to be 
quite acceptable. The Civil consultants point out that '^thc system provides a 
good quality coverage of the field and specialties without undue overlap on a 
regional basis. Comments on individual universities draw attention to 
departures from the norm in both directions. ' * 

A common theme running through the roports is the need for greater 
flexibility in the future. The Metallurgical and Materials consultants state 
it this way: ''As Canadian industry becomes ^:^pjrx3^ sophisticated and has to 
rely on more advanced technologies > it will have to learn how to fully 
utilize tti^talents and skills of Ph.D. graduates and' the universities will 
have to learn how to develop' Ph.D. programmes which produce imaginative 
engineers capable of responding to these new" oppor tun i ties." These consultant 
also recommend that pi*ogrammes be so designed as to permit graduates from 
other specialties to change specialties as t^ ^y^ commence Ph.D. work. 

The consultants also shcn^ a degree of consistency regarding the 
need to shift the eniphasis in Ph.D. programmeB to meet the. situation of the 
seventies. The Electrical consultants state it this way: ''Tlie education of 
Ph.D. students in areas of national need is a more efficient use of resources 
than is a randoji choice of fields followed by a* period of retraining.*' Ij 
relating it to their field, the Civil consultants state that there should be 
"les6 stress on traditional areas > particularly structural engineering, and 
more stress on multidisciplinary education, environmental engineering, and 
transportation.'* The Mechanical consultants recommend a greater emphasis 
on prbduction engineering and design. / ' rZl ■ ■ 

Close .contact between universitiecu_and industry is felt to be 
Jmport^int by all the consultants and indivlduaL universities have been singled 
out for conniendatlpn where this contact is regarded as exemplary while others 
have been asked to improve in this respect. 

Once .iRaln Carlcton ncccpts tl>e findings of the consultants on the 
quality of the exi,stin}5 prop,rammc« nnd,thelr views, on the nnturc of Ph.D. 
prooramnK'S rcquiretl for the inunodintc future. I^c feel that ve have already 
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muJe- considerable progress toward achieving the desirable* objectives set 
ouv by the consultants and that wc have received adequate recognition for 
this in their reports.. " 

3) Critica;! Siz e; . ' * 

. * . ' ♦■ 

TIjc Enplneerlng consultants are far leifjs concerned about the concept 
of critical, size them the consultants who carried out some of the earlier 
planniiif, assessments, and show as much concern for the disadvantages of 
"bigness" as of. "sniallncss. " The Engineering consultants place their primary 
emphasis on the quality of the student and of the faculty rather than on 
size, a view which wc» heartily endorse. 

The Mechanical consultants take the strongest stand against the notion 

# ■ 

of critical size. VJhile admitting the advantages enjoyed by a large group, 
they go on to express their view that "a drawback to the large group Is 
the difficulty of adai^ting to change" and further that "the groups In the 
smaller dcpartmentc ofucn displayed an original point of view and a willingness 
to adapt to change that v/as not apparent in thtt larger and longer established 
department r.." They foun^ mojre cross linkages between departments and a 
greater tendency to establish outside contacts with government and industry 
in the smaller faculties. They conclude: "In our view no creative group, 
and no capable individual within such a group should be denied support 
because it is small." The Civil consultants echo these vlev/s: "Size is 
not a sufficient criterion for judging whether a school can offer a Ph.D. 
programme" and also "thery. is no a priori reason why- a small school cannot 
provide as satisfactory an environment for the student as a large school." 

The Klectrical and Metallurgical and Materials consultants arc not 
as definite on the iiiaiLor of critical size as the Civil and Mechanical 
consultants. The Electrical consultant? telt that a desirable size for a" 
dcparlmcnt fell in: the range from 10 to 20 faculty wlt.h from 10 to 20 
students ciirolled but expressed the viev/. that "high standards o.f oxcellericc 
vlth cii.pharic on quality rnther thi-.n »iunntity will pay off in the long run." 
The Metal] uri;ical nnd Haterialfj coufivltants draw ntt'untion to the contrast 
bctv.'cen the J'.ri.lch approach to 1"..D. education cente^-cd around the thesis 
and requiring only one good facul- . member and the Ajiiericnn view that a 
department needs to be sufficiently large to provide a proper range of 



CO :*scs because of the iinportar4ce given to course work In the American 
approach. The consultants themselves took the position that students should 
be taucht by members the basic science departments as well as by 
Engineering faculty members and that the critical size of the core depends 
a great deal on the strengths in related disciplines. The latter factor 
seems to liave been ignored by some of the consultants who assessed the 
non-Engineering disciplines. * 

As indicated above, Carlcton is fully in agreement with the 
position on critical size taken by the Engineering consultants and doe:* not 
support the views of the Chemistry or Economics consultants nor ACAP's views 
on this matter. 

A) Proportion of Foreipn Students ; 

All four of the reports under review make reference to the enrolment 
of foreign students in the graduate programmes at Ontario Universities. 

The Electrical consultants noted that the percentage of doctoral 
fitudentF. wit'h first degrees from Canadian universities was consistently in 
the range from A7 to 51 over the past five years. They believe an ideal 
mix should involve' students v;ith a variety of backgrounds coming from various 
universities and should include some students from foreign countries. The 
latter they feel should be in the minority and they suggest 25% as an 
appropriate proportion. The Civil, consultants expr 'aed . concern also at 
the low percentage of full-time Ph.D. students who had obtained their first 
degree in Canada but remarked also that the percentage was much higher for 
part-time students and suggested that part-time studies should be encouraged. 

V The Mechanical consultants, v;hile noting a similar proportion of 
non-Canadian first dc»£ree students to those mentioned above concluded that 
we cannot count on Canadian undergraduate schools to provide candidates in 
sufficient numbers and that we must continue to rely on students from abroad. 
The latter would likely decrease in number in the future due to recent policy, 
chances with respect to immlcration and financial support lor studeuLs without 
landed immierant r.tatus. They soRcest tlint support for such students should • 
come from .-tppropriate federal agencies such as CT.DA. 

The Metallurgical and lUntorlals consultants find that "Canadian 
Industry unable to fill its vacancies with Canadian graduates of Canadian ,. 



origin has preferred to liuijort graduates from British or Australian origin 

rather than employ Canadians of Asian origin." They recommend an intensification 

of efforts to recruit a larger proportion of Ph.D. students from the graduates 

♦ '■ ■ • 

of Canadian universities. 

Carleton is In agreement with the consultants cpncerning the 
desirability of having a mix of students from different universities in 
Canada and from foreign countries and in having a reasonable balance between 
Canadian and non-Canadian first degree holders. The problem of foreli>n 
students is usually expressed as one of controlling their number. We bellcv* 
that the recent immigration and financial restrictions imposed on this group 
is likely to overshoot the mark and the problem in the future may \joXl be .one 
of too few rather than too many foreigr students! A more serious [r obi em Is 
that of too few graduates of Canadian schools embarking on Ph.D. work. 

Comments ori Some Specific Matter s 

In this section we wish. to deal with some specific issues raised in 
individual assessment reports. ' . • . 

1) Civil Knglnecring Doctoral Planning Assesgment : 

The references to Carleton University throughout this report are 
generally favourable and on the whole we like thdlr conclusions and 
recommendanlons. There are, however, one or two joints we wish to question. 

In Recommendation .3 the consultants suggest "there is a case for 
more consistent requirement of acceptance for Ph.D. students between universities. 
We are uncertain as to the meaning of this since It Is not discussed in the 
body of the report.' We have expressed the view earlier that there should be 
a system, such as Carleton' s scholastic Index, for evaluating students across 
all disciplines, and that OCGS might monitor standards of admission generally. 
We do not see the need for an external person on acceptance committees but 
continue to support the position that there should be oxt^.rnal examiners on 
thesly coircnittocs. 

, We cannot accept tlio propor.al in Uecommeudatlon 5 concerning the. 
collapsing of the Ph.D. D.I.U. <s 'Into the undergraduate B.I.U.'s although wo 
can support the objective. We believe that a major re-examlnation of the 
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formula for providing operating funds to the universities* Is called fori 
not Just minor adjustments to B.I.U. weightings. 

We donot see the necessity for the further proliferation of degree 
designations which would result from the introduction of the Doctor of 
Engineering Degree included in Recommendation- 12 • We support fully the 
consultant^' concept of a range of possibilities for a doctoral thesis, 
from the mathematical or theoretical at one^end to the design or appllcatlon- 
orlc^ntatod at rhe other end, but we believe the requirements for, the Ph.D. 
should be flexible enough to permit this as is the case at Carleton. 

2) Report on Doctoral PrcKrammes In Electric£;l Kngineerlng 1' Ontario 
U niversities . ' 

For the purposes of assessment and reporting, the consultants have 
combined Carleton 's departments of Electronics and Materials Engineering and 
Systems Engineering under the discipline title of 'Electrical Engineering. ' 
Their comments, conclusion's and recommondat ions apply uniformly to our two 
deprrtmcnts. We regard this report as a highly competent and thorough niece 
of work. The analysis In the earlier sections prior to the evaluation of 
departments gives to the whole a degree of credibility that Is probably, unique 
In such reports. 

Carleton llniverjity has re eived a uniformly favourable assessment 
in Electrical Engineering* The Ph.D. programmes In both departments are 
considered to be ''strong." The Interaction of Carleton with laboratories 
and firms ini the Ottav/a area is described as a "model" while our programmo^ 
are praised as having "unusually high contemporary relevance." 

We intend to pursue our proposed five-year plan for the graduate 
programme in Electrical En^jlueering; wo believe that our present organization 
Intc^ the two departments of Electronics and Materials Engineering and 
Systems Engineering is the most appropriate and effective for our purposes and 
Intend to'mnintain this organization. 

We h<nvc noted the general recomiacndation that only students showing 
h^gh promise for graduate v;ork should be accepted Jnto the Ph.D. programme. 
\7e endorse this recommendation. ' • ^ ' 
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We plan to aim fo- the small growth in graduate student numbers 
proposed in the five-year plan, but note that in the consultants' view this 
growth is modest. We shall allow ourselves to be responsive to the 
applications which we receive from well-qualified students. We expect that 
our growth will be limited to a natural and non-excessive rate by the limited 
availability of good applicants. • 

We believe that it is possible to increase the scale and effectiveness 
of our •.uncpciations with laberatorips and firms in the Ottawa area and shall 
endeavour to exploit further such interactions. 

llic recommendation that greater iise be made, of graduate courses given 
at the University of Ottawa is a'^^pted. The establishment of a close working 
relationship over the last tworyear period has made the sharing of course 
offerinR55 and facilities a natural outcome which it is intended to exploit. 

• _ ^'^^ accept the report of the ACAP consultants without reservation. 
We consider the assessment to. have been fairly and thoroughly done and , 
believe tlit the report as a whole will be of considerable benefit to the 
Electrical I igineering profession in Ontario and Canada. 

^) Report of the Mochanical EnRinoerinR Consultants '. 

We accept the ACAP consultanv.s' report on Mcchanic-al (and Aeronautical) 
• linglneering without reservation. We consider it to be a valuable, authoritative, 
well reasoned document. The report is thoroughly credible because of the 
competence and international stature of the consultant team and the excellent 
overview they provide. 

We accept the consultants', argument that, because "the developing 
market could easily a^aorb double the rate of output (presently about 
30 Ph.D.'s/ynar in Ontario), during the next .five years" and because of the 
serious mulcrsupply of qualified candidates, assigned quotas for the Ontario 
system would be meaningless. 

We agree that adequate capacity and quality exists within the 
dnparLiacM.t and that dociwions about specific research areas should be made 
vUhin the individual univerr.ttius. We accept, the criticism that excessive 
effort has been devotod to "tradltioncil and classical areas of ' research" • 
and that our efforts should continue to be re-dlrected towards research' more 
Er|c to the practice of Mechanical and Acronautica,] Knginecring. Ue " 



.agree that the relevance of the research work would be enhanced if support 
were made more dependent on contracts from high technology industry and 

appropriate federal government departments* 

We intend to pursue our proposed five-year plan and strengthen our 

contacts with industrial and government laboratories^ We will explore the 
possibility of establishing an . industrial research institute (or an office 
of industrial research) since these institutes are noted as having a highly 
bcneficlial effect oh the research of the faculty and graduate students. , 

We applaud the recommendation that a good Ph.D. prograamie should 
provide breadth by means of well balanced course work and depth, by means of 
a thesis involving substantial research on a specific and topical engineering 
problem. Doctoral graduates from such a balanced educational programme will 
be able to move into industry and tackle problem solving on a broad front. 

Conclusion 

We hope that it will be clear from the foregoing that we find the 
reports generally quite acceptable and can endorse all their 'ihajot; conclusions 
and recommendations. We regard the specific points on which we disagree with, 
the consultants to.be minor in comparison to the aggregate of the Issues on 
which we agree. 



G. R. Love 
November 12, 1973 
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rU^THEly COMMENT FROM CARLETON UNIVERSITY 

ON THE 

' 'ACAP ASSESSMENTS IN ENGINEERING 



At the time of our response to the ACAP Assessments In 
Engineering, the Chemical Engineering report was not available and, 
while Chemical Engineering Is not represented at Carlaton, we held 
open the option to add further comments. 

Again, we find ourselves In general agreement with. this 
fifth report but we do not view the proposed Post-Entrance Acceptance 
Committee as a viable concept and will again state our willingness 
to support an evaluation scheme such as Carleton's scholastic Index. 
As well, we would reiterate our former comments on critical size In 
rebuttal of the arbitrary minimum suggested by the Chemical Engineering 
consultants. Carleton supports the view of the Electrical consultants 
that quality outweighs quantity and the similar attitude of other 
consultants. 

We would like to particularly note with approval the 
recommendation that students do their doctoral work at a University 
other than their undergraduate school. 



/ 

/ 



I 
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RESPONSE QF McMASTER UNIVERSITY 

TO . • 

Ph.D. PLANNING ASSESSMENT IN CHEMICAL ENGINEERING 



General 

We com/nend the authors of this report for a comprehensive, useful and forthright 
analysis. There' is clear and essentkilly unarguable' perception of the total chemical 
engineering educational arena into which Ph.D. research activities must fit. ^The latter • 
have been analyzed in terms of pedogogical content and philosophy, and a cogent overview 
given, supported most adequately by o detailed assessment of each institution. Concern 
has been shown for the role of the university, of an engineering faculty, and of a 
department - particularly as they contribute to ond exercise their responsibilties within an 
industrial society. Equal concern for the individual professor and for the students Is well • 
... expressed. We therefore find ourselves in basic agreement with the general approach 
' taken, the emphases provided, and the dimensions of the assessment that have been drawn 
and used. This report of the consultants will continue to be valuable, therefore, for the 
setting it provides and the dynamics of chemical engineering science, of chemical 
engineering practice, and of chemical engineering research that are so clearly expounded. 

It was clear that the" consultants used extensively the detailed data provided for 
them by ACAP from the university submissions. Their utilization of these in combination 
with close examination during their visits produced a lengthy assessment of each 
institution. This assessment we consider to be excellent in its scope and detail. For 
planning purposes it will be most productive; for guidelines for continuing evaluation 
Internally it will be very useful; and for maintaining our perspective in development and 
support of chemical engineering it will be of great advantage. Understandably, In view of 
the limited time, but nonetheless regrettably, the consultants did not use data for several 
years, nor evolve detcfiled estimates of rates of change of the important quality parameters. 
We are also sorry that their time at the individual institutions did not make It possible for 
them to examine in detail or give an evaluotion of the content of courses or of the theses 
that have been produced. However, their overall assessments we consider to be of major 
importance and a most worthwhile contribution to each institution and hopefully to the 
collective system through the Discipline Group orgonizotion, CODE, ACAP and COU. 

• ■ * 

. The consultants give detailed consideration to chemical engineering research topics 
and their categorization - on analysis which provides most useful insights and guidance. 
In their report, they identify as reasons for much of engineering reseorch being centred 
!n "engineering science" as: 

- the need to publish in refereed jourrials, 

- N.R.C . operating grant policies, and 

- continuation of research from the professor's own Ph.D. work. 
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.Vc would add two additional factors: 

4 

(i) mission-oriented problems hove a deadline and require a solution 
much sooner than three years. The work must often by-pass 
fundamental questions in the rush for a solution; 

(ii) apparatus for mission-oriented problems is often expensive and 
used only once. Most faculty members and Departments cannot 
afford this. , 

In summary^ mission-oriented work is commonly contractually funded, relotively short- 
torm and expensive and better done by postdoctoral fellows or other research ossociotes vyho 
do not face the Ph.D. requirements. Thiere .is a very important and exciting role to be 
played by mission-oriented research as a seed for future longer-term Ph.D. studies to answer 
^-)Te of the fundamental questions by-passed by the shortrterm solution. Thus we consider 
fundagiental engineering science research and mission-oriented research to be complementary, 
not exclusive of each other. 

•f 

The consultants have given careful. attention to the manpower problem, with a useful 
analysis of the flow into Ph.D. work, the part played in the Canadian scene by the Qntario 
universities, the time requirement for Ph.D. work^,the ethnic origin of Ph.D. students, and 
Ph.D. employment information for recent years. We were pleased to note their willingness 
ro critically examine "some of the forces underlying the reasons for the study**, and agree 
v/ith their analysis of the manpower situation and of the CEMC report, and with their rational 
for not proposing quotas for each school or for the provincial pool . On the relevance of 
:hort term |ob market forecasts to the real need for Ph.D. chemical engineers, we fully . 
support the consultants' view that no valid conclusions can be drawn therefrom (p, 
last paragraph, section 5.5, p. A-21, and section 7.2, p. A-42)« / 

The consultants do not exomine the fraction of the graduates of Canadian universitiefs 
whfch would be needed to maintain a reasonable proportion in the Canadian groduate \ 
programs (section 6-8, p. A-?7). A comparison of the required annual intake of new 
graduate students with the annual Bachelor's graduands in Canada would show that existing 
programs can be maintained at current levels only by accepting substantial numbers of 
students from abroad. W«e have always striven to accept students from as wide a range of 
backgrounds as possible so as to emphasize interaction and cross -fertilization of ideas, and 
to ovoid, accepting too many students from any one country or language group. 

The emphasis of the consultants in their conclusions (on which they base their 
"r-:'^m«ndcitions) that special roles, e.g. in graduotei education, should hoye a proper place 
r^. not be circumvented by a quota or formula is one with which we strongly agree. 
Sirtiilorly, their conclusion that Ph.D. programs cannot and should not be sub.jected to 
overall numbers control based on demands of the market-place is one we too affirm. The 
::on5ultant$ hove also concluded iri a corrlmendobly straightforward fashion that the Ontario 
system shows evidence of having more departments of Chemical Engineering than needs 
prescribe. Their rationale for this conclusion Is well presented, and we would support 
thoir suggestion that the Ontario universities should give this matter the closest possible 
consideration. 
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R esponse to Specific Recommendations 

Recommendation I . Wet accept the concept that planning for the deyelopment of 
Ph.D. programs in engineering must include at an initial stage separate ]^WlTing for the 
various individual branches including chemical engineering. However, we feel strongly 
that this separation cannot be arbitrarily done or carried out. in an absolute sense, bctcause 
many of the valuable interactive and joint responsibilities could be lost. Allowance must 
be made for real interaction, e.g. in such areas as in chemical and extractive metallurgy, 
in process control and optimization, and in heat transfer. The enfranchisement of a 
particular sector, which by tradition has been largialy involved in a particular branch of 
engineering, would in our view be wrong. There- must be, therefore, in any ultimate 
planning process, if indeed a suiipble basis can be found, adequate allowance for a system 
or total approach to ensgre that areas of joint or several interest are properly positioned. 

Recomrfiendatiorj 2. We definitely concur. 

Recommendation 3. We firmly agree with this recommendation as far as this 
University is concerned, and can accept the rationale provided by the consultants as a well 
argued case for any department of Chemical Engineering. The allowance of an occasional 
exception, and indeed the acceptonce of recommendation 13, would acknowledge that some 
decoupling of research and Ph.D. activities could occur with little or no loss to under- 
graduate or Master's programs. We feel that the report does not make a convincing case 
against the possibility of a creditable program to the Master's level. Can one not conceive 
of an exciting program. involving faculty rfiembers whpse main source of new ideas arises 
through consulting and. the practice of their profession? We would really prefer the state^ 
ment by the consultants on page A-1 that excellence in undergraduate engineering 
education can be maintained only if strong gradua te researc h programs exist. 

Recommendation 4. Again, we concur in a broad sense since no time scale is indicated. 
V/e appreciate and support the implication that many factors myst reach a satisfactory levd 
before a good Ph.D. program can be mounted; and«we consider that this report does in its 
totality give a relatively clear picture of what the consultants consider that level to be.. 

• • • . ' . 

Recommendation 5. We agree and support strongly. We note further that the 
acceptance in toto of the forecasts by departments (includirig the numeric Interpretation by 
the consultants for the University of Toronto) is explicit recognition by the consultants of 
the capabilities of each department for maintaining Ph.D.. studies,^ subject presumably to a 
size limitation as in recpmmendation 13. It would be assumed, in our view, that the 
Implication is also present that modest upward revision of such forecasts is not precluded in 
the future.. 

Recommendation 6. Again, we agree. We share ^he concern of the consultants for 
the relatively small number of Canadian university Bachelor's graduates enrolling for Ph.D. 
v/ork. We would strongly support any efforts to develop a concerted opproach that will 
clarify to many more students the value of their completing some graduate work. 

. Recommendation 7. There Is not a clear definition of "entrepreneurship" so that it 
is difficult to assess this recommendation. We wonder whether a university environment is 
suited to developing entrepreneurship in the sense of undertaking new economic enterprises. 
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A faculty member who has hh own business will inevitably face conflicts between the 
demands of that business-and those of the university. Occasionally one or the other may 
suffer from neglect. , . 

• •, • ■ ^ , 
We $trongly believe that Ph.D. students should be guided in developing entrepreneur- 
snip in the sense of being willing to undertake any problem, to be confident of^their ability 
to find a solution, and, to accept the risks of failure. We feel that this can best be 
developed through dynamic leadership, demonstroted by professors in their respective researc 

• programs. , . 

.. Recommendation 8;. We agree but would in practice normally require on A level or 
high B (first class or upp^r second class).' At the same time, special circumstances, such as 
when research experience in government or. industry may well offset certain earlier academic 
cJoFiciencies, should be allowed to be token into account. 

Rtecommendation 9. We find this an interesting recommendation and certainly the 
future embarrassment of having to reveal the admission of an unqualified student would be 
a potent deterren|. There would be some honest disagreement on the standards of foreign 
universities. We comment further that the consultants elsewhere (page A-14) have 
'emphasized that the entrance screening process is 'Iquite selective and great core is token • 
to accept only those students with proven scholastic achievements". While the' question 
arises as to the real necessity for a new review structure for a system that oppcM'ently operates 
v/ell, we would support the proposal of the Discipline Group (Chemical Engineering 
Deportment Chairmen) assuming the review role specified, including full disclosure on 
individual coses. 

We are firmly convinced that it would be most unwise to invite COU to pass directly • 
on the entrance standards of individuals into Ph.D. programs. This would constitute on 
abdication of some of the academic function and ''•>sponsibillty of departments and Faculties 
v/ithin individual institutions. In the same light, we cannot accept, of course, any move 
that would involve provinciaj authorities in applying their overall financial authority and 
responsibility to do so through individual cases. 

Recommendation 10. We fully agr^e that it is in the student's own best interests that 
he take the Ph .D. degree at a differehh university from the one at which he obtained the 
first dsgree, and would welcome measures to encourage this mobility, while retaining full 
freedom of choice for the student. s . 

\ ' 

Recommendation II . We would emphosize that it is our policy precisely to support 
grouping and concerting of research. In our view, the most stimulating environment 
for students requires that groups not be too rigidly delineated, since we see real value in 
intsraction among faculty and students in different groups. Indeed, we believe that groups 
iSould be flexible and often overlapping so that new ways of combining areas of expertise 
.•/ill arise more easily. ' . . 

Racommendotion 12. The basis upon which our Department of Chemical Engineering 
^vas built was that all members of faculty would participata Fully both in graduate teaching 
and research and in undergraduate teoc'ilAg. Indeed, we believe' that those who are the 
best teachers should be encourofled to contribute fully to the graduate program rather than 



C-15 

leave graduate education to those whose inclination is to do research rather than to educate. 
At the same time, our University policy is such that in individual cases for both promotion 
considerations and salary review, speciaJ weight can be attached to the contribcitiom to 
teaching, as compared to those in research. 

Recommendation 13. We would agree that "a program with fewer than ten Ph.D. 
students on the overage should be re-examined after five years. Temporary suppression of 
d Ph.D. program would tend to lead to permanent suspension unless strong steps were token 
by the university in question to retain its best faculty members. This could be achieved by 
financial encouragement of other forms of research, such as postdoctQrol fellowships. Thus 
temporary suppression of a Ph.D. program would be irr<»versible unless great core is exercised.' 

Recommendation 14. If the University of Toronto agrees with this recommendation, vi^e 
would wekome the increased interchange which would result. We believe that all 
universities should advise their students to take their Ph.D. degrees at a different university 
from their Bachelor's degrees, 

* • * I 

Recommendations 15 to \7. These concern other universities* 

♦ ■ 

« • 

Responses to Comments on McMoster University (Section 8) 

The consultants' evaluation of the Deportment of Chemical Engineering,. McMaster 
tJniversity, provides a valued .{pdgment of our efforts. . ^ 

Through our own omission, we failed to discuss plans "to maintain faculty vitality , 
during a period of equilibrium of faculty members" tA-46 , above section 8-4). While the 
consultants did not question members of the Deportment on this matter, we have indeed 
given some thought to measures to maintain faculty vitality. 

McMaster University has on established sabbatical leave policy, of which every 
member of the Department of Chemical Engineering has taken advantage, when eligible. 
V/e hove hod and encourage visits by faculty members from other universities for various 
periods of time and would like to hove similar visits by engineers from industry* Members 
of the Department hove in the post spent time in industry and we feel that these contacts 
should be more strongly encouraged in the future. Furthermore, we hove tried or much as 
possible to rotgte faculty members in undergraduate teaching assignments so as to encourage 
new ideas in existing courses. The rotating chairmanship also provides a different brand 
of leadership every three years, in order that no one faculty member establish on indelible 
imprint on the Deportment. We also encourage interaction by merhbers of the Department 
with faculty members and students from other disciplines as a means of stimulus. 

There are ^pme corrections of cjato and facts. we wish to record. 

Table 6.1.2, p. A-24!, Research funds . 

It Is unfortunotp that the data listed for McMaster in this table ore Incorrect and 
incomplete, the fault lies partly with the curricula vitoe forms which did not specify 
fhe form of data required, partly with us in not correcting the mistaken data thence extracted 
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and partly with the consultonts not incorporoting the correct data supplied to them In 
parson during their visit to McMoster. •• 

The correct date for McMoster for 1972-73 are: 

* • . 

# 

Correct . ' Shown In Table 6.1.2 



N.R.C. Operating Grants $143,340 $112,440 

Computing Grants 13,300 
•Equipment Grants 18,211 



174,851 : • 112,440^ 

t 

/ 

Other Conadlan Granting Agencies , ' j 

Dept. of Supply & Services 13,000 - ( 

Polysor Ltd. . * 5,000 . - 

Ont. Dept. of Environment 4,238 
Environment Canada .125,000 

(Water Management) . . ' 



147,238 , . 

Grand Total $322,089 $112,440. 

Grand Total excluding N.R.C. computer and equipment grants: $290,578 
Number of faculty members able to opply for any grant In 1972-73: 15 
Number of faculty members receiving N.R.C . operating grants: 14 ( 93%) 
.. Number of faculty members receiving a grant: .15 (100%) 

Average gtont per faculty member: $2 1,472 ^eluding all grants, ' 

19,372 ^^cludlng N.R.C. equipment and 
computer grants^ . 

A-44 f paragraph 3, line I 

In foct, three faculty members are over 43 yeors of age: Drs. Shemilt, Hodgins a 

Anderson. • 

\ »• 

A~45 > paragraph 1 , » : 

'Tho statement on ayercge NRC/DRB/MRS 'grants per faculty member may well be 
based on incorrect data since Table 6.1 .2 contains the only explicit data shown but it 
Is certainly Incorrect for McMasfer. • 

Table 6.12, p. a-33 

. The entry for McMaster under "Staff Size" should be 15 Instead of 14. ^ 



E RJC January, 1974 



C-17 



Universite. Ottawa 

SftQ. MUC CUMQCRLANO 



CAaiNCT' OU RCCTCUR 




OTTAWA.ONTARO 
Canada KtN 6NS 



University of Gttawa 

%%0 CUM«CRl.ANa,«TPICCT 



□ rricc cr the rector 



^December 21, 1973 



Dr. M.A, Preston t 

Executive Vice-chairman., ^ ^ 

Advisory Committee on Academic Planning^ 
Ontario Council on Graduate Studl6rr^ 
Council of Ontario Universities. — 



ERLC 



Dear Dr* Preston, 

This is a response to your requeat for 
comments on the A.C.A.P. report oaYtgcadqate s in Chemical 

Erig Ineer ing • — 1 

• ■ - 

In general ve are pleased with the report 
and submit only the followiflJsr*i?omments^^^M specif ic 

recommendations 9 and 13 on page ■ A-iO-af th« report. 

Recommend ation 9 a^e more disadvantages than advantages 

in the establishment of a Post-*Entrance Acceptance Committee. 
It could well lead to problems between different Chemical 
Engineering Departments of Ontario. At the University ^of 
Ottawa the admission of all graduate students must be approved 
by the Graduate School. Our Department of Chemical Engineering 
has never attempted to persuade the Graduate School to admit a 
candidate with a below B record. In addition, applicants for 
the Ph.D. program are also screened by the Joint Admissions 
Committee of the Engineering departments. 

Recoimendation 13 : The recommendation that ah average ambient 
population of at least ten Ph.D. students be maintained is not 
necessarily a guarantee of a good Ph.D. program. It seems to us ' 
that the number of students is of minor importance and that the 
maintenance* of a scholarly research environment is essential. 
Regular course work offerings at suitable levels, opportunities 
of interaction between various disciplines, provision of adequiite 
research facilities, motivations and Interests of the staff 
members, the presence of post-*doctorai fellows, the recognition 
by the Administration of the need and importance of a strong 
graduate program, are some of thj major factors in providing a 
desirable atmosphere for the training of graduate students. 

• 

Yours sincerely, 

Rogir Guinden, O.H*I., 
Rector. 




QUEEN'S UNIVERSITY 

KINGSTON. ONTAR-IO 
SCHOOL* OF QRAOXJATE STUDIES Affo RESEARCH 



January 14, 1974 



Dr. M. A. Preston 
Hxecutive Vice-Chairman 

Advisory Committee on Academic Planning • ^ 

Council of Ontario Universities. 

l.'^n St. George Stree^t / 
Suite 8039 

Toronto, -Ontario M5S 2T4 

Dear Mel , * ' , . 

• ■ • ' . _ 

Although late in doing so, I should like to submit Qup6n*s 
rc<?nonsc to the ACAP Consultant.-* s report on Chemical EngineoTvirrgr — 



a) There is some disagreement with recommendation 1, because the 
Faculty is a. professional Faculty and the Dean must /plan for. it 
as a- whole. On the other hand, the disciplines do/welcome advice 
^on their individual situatibns. 




jpoTt -recommendan'ons 2^^^ o 8 inclusive. 

c) In connection with recommendation 9 we comment as follows. 

The Chemical Engineering Discipline Group/has an informal agree- 
ment to r* lew admissions annually. Thi/s is intended as a means 
of exchanging information, and as an ofiportunity to exercise moral 
suasion by review and discussion witMn the group. This we feel to 
be prudent and practical . However, /the pxtension to post facto 
budget review is unlikely to be practical, giyen the Ontario system 
of financing universities. It is unacceptable. 

d) We agree with the intent of rpjcpmmendation 10. " 

e) Cpnccrning recommendation 11 we agree tt)at it is stimulating for 
students and staff to have contact with others who have similar 
interests. However wp feel that the group of people with shared 
interestr, can work effectively between departments as well as 
within departments, and that the contact should also exist 
between universities, and between university and industry. 
Therefore individual departments should not be constrained to 
have group research within the department. * 

fV We agree with the first part of recommendation 12 but would regard 
any licensing procedure as (juite undesirable. With respect to 
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the second part of the recommendation, Queen's University has a 
statement of .policy which acknowledges that a staff member's 
contribution may shift in emphasis from one area to another 
throughout his career. The statement reads in part as follows. 
•'The nature and extent of each faculty, member's endeavours are .* 
matters to be agreed upon with the University. These professional 
endeavours - in total comprising some combination of teaching, 
. supervision, research, scholarship, professional service or , 
consultative work, and administration - may vary from time ^o time 
for ary individual and may differ among individuals." It is 
important to recognize .that this process includes the potential ' 
for reversible changes in emphasis. For example, a staff member 
may find it necessary to emphasize administration rather than research 
for a period of time. Then the emphasis may be reversed, to the 
benefit of the university and the staff member. • ' . 

g) With respect to recommendation 13, this is cleanly an important oi^e 
for the Queen's department since recommendation 16 refers to Queen's 
University and specifically refers back to recommendation 13. It is ^ 
the intention and expectation of the department that we will maintain 
an average ambient population of at least 10 Ph.D. students of the^ 
required calibre. In the past we have insisted on the maintenance 

- of St andardsT-And will continue to- do so in the future. We have also 
stressed the desirability of havi*ng a high proportion of Canadiaft- ' 
students. This has resulted in a small graduate enrolment with a 
slow rate pf growth. However it has produced the quality and the 
environment which we wished to achieve, and which we hope to maintain. 
We hope that any future review of a department.'s Ph.D. program will 
continue to be concerned with the quality of the performance, and. 
will not ultimately depend upon the number of Ph.D. students present. 
We do not understand how the number of 10 Ph.D. candidates per year 
was arrived at. A smaller number could still ensure the preservation 
of high standards. 

Comments on the Section on Queen's University (Section 10) 

The report is a fair and accurate assessment of the Department's 
Ph.D. program. We are aware of the weaknesses pointed out by the Consultants 
and have been taking steps to improve in these areas. On the other hand, 
we are encouraged by several of the Consultants' comments, for example by 
the view that "the Department's goals and future research activities will 
be responsive to the prevailing needs of the Province". 

There is only one, point which requires further comment, .in 
section 10.6.2, the report states that it should be a cause of some concern 
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to us that we have retained a number of our own graduates. We feel that 
It should be recognized that Queen's has a large undergraduate program 
and that we have provided .graduate students for other- Chemical Engineerina 
Departments m Canada regularly, and probably in larger numbers ?hati any 

w^^r.n^c? ^^"."^''''''f concerned that some of our graduates 
wi^sh to stay at Queen's, however we share the Consultants' concern that we 
have not attracted an equal number of qualified students from other 
Canadian Universities. This is a general concern among Ontario Departments. 



Yours sincerely. 



RM/mb 



R. Mcintosh 
Dean 

Schcjl of Graduate Studies and Research 
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UNIVERSITY OP TORONTO 
. School of Graduate Studies 

pmcioPtHBDiAN Toronto j, Canada 



January 3rd, 1974. 
Dr. M. A. Preston, 
Executive Vlce-Chalrman , 
Advlaory Conmlt tee on Academic ..Planning, 
Council of Ontario Unlveralt lea, 
130 St. George' Street, Suite 8039, 
Toronto, M5S 2X4. 

Dear Dr. Preston, . 

The- University of Toronto finds the report of the consultants on 
the Chemical Engineering Planning Assessment to.be on the whole a useful 
document. It Is all the more regrettable, therefore, that. the report leaves 
a number of unnecessary misapprehensions about the Department of Chemical 
Engineering In this university and that l;he consultants contradict within the 
^pdy'of the report some of their own recommendations. 

Firstly, we wish to make the following response, to the rjiconmendatlona 
contained In the report (numbered as on pp. A - -^-to A - 11): * 

■..*••.•-•■■■ ■ ■ ' 

1. While we agree with this recommendation, we would note 
here tuat efch university has the right to respond to ' 
the engineering assessment reports seen as a group and 
that It may be advisable to make some general reconnend- 
atlons concerning engineering as a whole. 

2. We agree. 

3. We agree. 

^. Again we agree, on condition that any doctoral program 
established be of high quality and that the university 
proposing such a program be prepared to make the necessary 
resource Investment to ensure that quality. 

We agree with the reconmendatlon that no reduction should 
be made In Ph.D. student population. In Hot, the market 
for persons holding the doctoral degree In Chemical 
Engineering may well require an Increase In the number -of 
candidates starting the doctoral program now. 

y 

While It Is desirable to Increase the number of Canadian 
Ph.D. candidates registered In Chemical Engineering, the 
problem probably cannot be solved by ordinary transfer of 
InfQrmatlon. Efforts can be made In two directions} 
flratly, through the development of professional contacts 
between academics and potential Ph.D. employers In Industry 



i 



5. 



6. 
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6. cont'd.... 

and government; secondly, back through . the education 
system, perhaps as eayly as high school. 

7. We endorse this recommendation and we believe that the 
Department of Chemical Engineering of this* university 
already meets its objectives. We understand entrepreneur- 
ship to Include skill at innovation, enterprise, and 
effective operational design, as well as an appreciation 
of the realities of public policy and of the market. The 
understanding and development of such skills can be aided 
by a small but active Involvement of Ph.D. directing staff 
in industrial Chemical Engineering practice. Consequently, 
it seems odd that the department in this university is 
subject to criticism in the body of the report for their 
successful use of this approach. 

8. The standard seems unnecessarily low and' we trust tt, will 
not be taken to suggest we admit, students who only meet 
the minimum B level. 

9. Although a common standard of admission may be desirable 

in this cas^, we strongly oppose the imposition of financial 
sanctions against institutions in the system. . An earned 
and known reputation of poor quality woul serve as 
sufficient sanction. ' • 

10. WA are agreed that mobility is often desirable and bene- 
ficial, providing it does not prevent a student from 
attending the„ university of his choice. We strongly 
oppose any financial Incuntlves to encourage mobility. 
These could too easily become financial penalties, 

11. We are in general agreement with the , ncept of the association 
of c research workers to form co-operative groups both within the 

• dfepartment and between departments when such groups are required 
by the problem in hand. We are sensitive, however, to th^ 
primary requirement for the development of the students* 
potentialities, and we distinguish this requirement from the 
purely research oriented objective. We do not agree that team 
research is always a good basis for the best growth and develop*5s; 
ment of the doctoral student. 

12. We agree. 

13. While realising the benefits of critical size for a. group of . . 
doctoral students in many disciplines, we do not see anywhere 
in this report a case presented for Chemical Engineering. 

14. We agree in principle with this recommendation. The Department 
does, in fact, recommend to its students that they consider 
proceeding with graduate work at universities other than Toronto 
and will continue with its efforts to facilitate the reciprocal 
movements of students among Ontario graduate schools. 
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15. We Agr«« with th« r«fer«nc« to raconmandatlon 11, tub j act 
to th« conditions not«d{th«re* With rtgard to the 
question of senlnsrs , we eccept the need for Inprbvement 
In this area. It has been the subject of discussions. 
. with graduate students within the past few months . The 
department has already agreed to Institute a new and more 
formal seminar format on a trial basis. 

Graduate courses were widely dlscusaed among faculty and . 
students last year. Thu number of graduate courses now 
being given appears to offer the student a reasonably 
wide choice. We attach a list of the couraei actually 
being given in the fall term, 1973, and the offerings 
for the spring term, 1974. This list does not include a _ 
number of upper-level: jundergraduate courses which may 
also be taken by graduate students* Tcfver a two-year 
period a total of $0 different graduate (excluding under- 
graduate) term courses is available to the 45 ^.ull-time 
doctoral students in the department t Because of the 
need to provide cowtMiut Jorj^iitt''tiiM students, partic- 
ularly in the M.Eng. progfim'i and because of financial 
constraints, some of thest courses are offered in the 
evening. No doubt this is sometimes inconvenient to 
iome persons, but there is often no economic alternative 
if we are to meet our/respbnsibilitles to part-time 
^ • students. . , ^ " •, 

Within the bbdy of the report, reference is made to the engineering 
library. We agree this is not asgopd in its chemical engineering holdings 
as the municipal library, which is the best of its kind in Canada. Since 
the municipal library is closer to the department than is the faculty library 
we see no reason why students should not benefit from it. The consultants 
recognise the problems created by relatively old housing and shop facilities 
and that the current renovations should generally imprdve working conditions 
for staff and students. 

The consultants remark that little interdepartmental co-operation 
is visible at this University. This is not borne out by evidtoce submitted 
to us by the department. As of November 1973, there were 10 members ^of the 
department involved in 17 co-operative programs or supervisions with other 
science and non-engineering dejpartments. This excludes co-operative work 
within the Faculty of Applied Science and Engineering. 

Finally, we regret the attitude taken >by the consultants on con- 
sulting by the staff in chemical engineering, since the report leaves a 
false impression of their activity in this sphere. Strangely, the account 
of this activity seems to contradict rtfconnendation 7, which deplores thet 
lact of entrepreneurship in students in this discipline, as well as recom- 
mendations of most other engineering assessments. Attached is a report of 
the number of consulting days spent by the faculty for the academic year 
1972/73 where it will be noted that the faculty average is 12 days a year. 
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or one day a month for each professor, which hardly seems excessive for 
this field. It is, in fact, the average for other major departments in 
the Faculty here. 

Yours sincerely, 



AES/Jd/ A. E. Safarian. 

nncl. - 
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PiQinbT 4# 1973 



Graduate Courses Being Given by the Department of Chemical Engineering 
in the Fall Term - 1973 ♦ ^ * 



Momentum r Heat and Mass Transfer I 
Process Fluid Mechanics and Heat Transfer 
Process Modelling and Simulation and Control 
Topics ill Heat Transfer 
Optimal Process Control 
Topics in Applied Chemical Thermodynamics 
Dynamic Planning of Industrial Enterprises 
Biochemical Engineering I ' 
Instrumental Methods of Chemical Analysis I 
Principles of Polymerization 
Ceramics II 

Air Pollution Chemistry and Engineering 

Environmental Radiochemistry 

Nuclear Reactor Fundamentals 

Nuclear Instr\imentation and Measurement 

Nuclear Reactor Design 

Nuclear Reactor Safety Analysis 



Graduate rrmyftoa pyrooi-Ad t!Q hft T^ivfen ^bv the Department of Chemical 
Engineering in the Spring Term - 1973. 

« 

1106X Momentum, Heat and Mass Transfer II 

1107X_ Applied Mathematics for Chemical Engineers 

1112X' Advanced Topics in Optical Control 

1116X Chemical Reactors 

1119X Pulp And Paper Chemistry Technology and Engineering 

1124X Topics in Heat Transfer II 

.1203X Instrumental Methods of Chemical Analysis II ♦ 

1301X Advanced Polymer Engineering 

1305X Strong Solids 

.1306X Cer2unics I 

1309X . Plastics Engineering 

1402X Water Pollution Chemistry and Engineering 

1502X Neutron and Photon Transport 

15p4X Nuclear Chemistry 

isbvx Thermal Aspects of the Nuclear Reactor . . 

1511X Nuclear Reactor Control Systems 

1512X Nuclear Reactor Materials 

1515X Nuclear Reactor Containment 



1105X 
1108X 
1109X 
lllOX 

mix 

1117X 
1120X 
1122X 
1202X 
'I3 02X 
1307X 
1401X 
1404X 
1501X 
1503X 
1510X 
1514X 
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Statement of distribution of consultingxwork of f ull-time profeasorial 

■ ^\ . ^ ' ■ 

staff in .the Department of Chemical Engineering during the year 

* 

July 1, 1972 -June 30, 1973 . 

■ • * 

A total of 345 days of consulting work was distributed among 
28 professors during the year July 1, 1972 to June 30, 1973 as follows, 



Consulting activity Number of 

(days) professors 



1-10 _ . . . 7 

. 11-20 .7 
21-30 5 
31-40 2 

t 

The average cononltment to consulting was, therefore, approxi- 
mately 12 days per professor In the department over the complete year, 
I.e. Inclusive of the sxunmer months. This Is roughly 1 day/month per 
professor. 
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• • 

SEMINARS IN THE DEPARTMENT OF CHEMICAL ENGINEERING 

» 

During the years 1967-68 to 1971-72, approximately 12 
semlnars/yr supported by the School of Graduate Studies were given In the 
Department. Subsequently, budget cuts have led to. reductions In the fre- 
quency of such seminars to 6/yr. In addition, many Interdepartmental' 
seminars have been given In retent years Involving- topics In materials and 
polymer science, nuclear engineering and environmental Issues. 

In, the present academic year, there have been four seminars 
sponsored by the Graduate School, several Interdepartmental seminars, and 
the series of Centennial lectures organized by the Faculty. 

As elsewhere, attendance at seminars has tended to decrease 
despite the high calibre of the speakers, a fact that led tq fewer seminars 
being scheduled ..In the last year or two. 

However, plans have already been made to hold a series of eight 
seminars Iri the spring term of 1974. There will be six presentations by 
doctoral candidates nearing the completion of their studies and two pre- 
sentatlons by Invited speakers supported by the Graduate . School . 
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Response of the University of Waterloo, 
to the Report of the. Chemical Engineering Consultants 
to the Advisory Committee on Academic Planrving 
submitted to ACAP, December 20th, 1973 

The^report of the Chemical Engineering consultants f«& one of the 
best of the reports devoted to the planning study of doctoral work in 
engineering. The University of Waterloo wishes to commend the consultants . 
for -the fine job which they have done. We. will make a few generaV comments 
on the report below, comment specifically on sections of the report that 
are devoted to the programme at this, university and finally state our position 
on the recommendations which the consultants have set forth in the report: 

« . ■ ' • ■ 

General Comments: 

The report presents a very good outline of the scope of chemical 
engineering and of the general objectives which should guide the development 
of a Ph.D. programme in chemical engineering. The consul tanfs also discuss 
the difference. between chemical engineering and chemical engineering science. 
They suggest that there is ro*om In the Ontario system for more activity In 
applied research and development. We support this suggestion but if. this is 
to be achieved there must be greater financial support available for this 
type of research activity. At the present time the granting agencies lean 
heavily towards the support of more scientifically oriented research. 

The report also, presents a careful and thoughtful analysis of the. 
job' market and the need for doctoral programmes in chemical engineerinig.. We 
support the consultants in their position that this is the wrong time to be 
curtailing graduate enrollment in this field. Indeed events which have taken 
place since the report was written and which see us now in the midst of an 
energy crisis make this recommendation even more important. No one can* really 
foresee the need for highly trained manpower and the length of time that is 
involved in producing doctoral graduates, requires that 'changes be made slowly 
and only after the most careful kind of study. There is no evidence as far 
as we are concerned of a job shortage in this field at the present time and 
•no prospect of one in the future. All of our recent Ph.D. graduates in 
chemical engineering; have lound meaningful employment. 
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• • • 

We share the- concern expressed by the consultants about the smalV 
number of Canadian students who choose to do graduate work In chemical 
engineering. As we have pointed out in our responses to the other engineering 
reports, this is a problem that Is conmon to*all of engineering. The University 
of Waterloo has made every effort to attract qualified Canadian students and 
will continue to do so. Other consultants have suggested the need to increw 
the level of financial support for graduate students and we have supported 
this recommendation. What is probably more important, howev^er, is to bring 
about a change In the general atmosphere surrounding doctoral work In 
engineering in this country and to convince the brightest young Canadian 
students that' there are challenging opportunities for advanced work in 
Canadian Industry. In the meantime we will continue to screen the foreign 
■ Students who are, taken into our programme to ensure that only students of the 
highest calib^'e are brought into the country. 

Specific Comments: 

' We have only one relatively minor comment to make on the sec:^ion. 
devoted to the University of Waterloo. On Page A- ^ Section T2.11 the 
consultants state th^t the main function of the Graduate Council "was stated 
to be the screening of Ph.D. thesis committees and external examiners." 
This activity is part of the function of the Faculty of Engineering Graduate 
Studies Committee, not of the Graduate Council. The c *aduate Council is a 
university wide body which advises the Senate on matters Of policy In the * 
area of graduate studies. The Faculty of Engineering Graduate Studies 
Committee plays a much more direct role in the organization and administration 
gf graduate work in the faculty. • 

» 

Comments on Recommendations; 

, The consultants make seventeen (17) recoinnendatlons in this report. 
The iJniverslty of Waterloo generally supports the recommendations which pertain 
to the entire provincial system subject to the comments which we will make 
below., We make no comment on those recommendations which pertain to the pro- 
grammes at other universities. 



Recommendations 3 and 4: We support the contention of the consultants 
that a Ph.D. programme must be regarded as an Integral part of the total educa- 
tional-process in chemical engineeringi It follows from the acceptance of 
this principle that universities offering programmes in chemical engineering . 
should have work at all three degree levels - bachelor's, master's and doctor's. 
It should not be. inferred from this, however, that simply because a university 
has a bachelor's programme it 'automatically should expect to offer doctoral 
work. Rather the reverse should be the case. It is important in our view 
that doctoral work be of high quality. ^ Only then will the impact on, the 
educational process at the undergraduate level be effective. If a university 
is unable to maintain a strong doctoral programme then one might question its 
ability to sustain high quality bachelor's and master's work. . . . 

Recommendation 8: We support thU recommendation. A "B." average 
is a minimum requireniant for .admission to graduate v/ork at the University of 
Vidterloo. Howeveri this cannot be interpreted rigidly. The university must 
be able, to exercise some discretion particularly in the admission of mature 
^students who .have had experience in industry beyond, their normal undergraduate 
^^=aifiing. In these cases, recommendations from supervisors may be more 
meaningful as an indication of the student '^ -aptitude for advanced work than 
his undergraduate record which may be severll years old. 

Recomnenxiation 9: We support the suggestion that graduate admissions 
be screened, but we believe thatthis should be the responsibility of the 
discipline group. There is no need in our view to establish aj separate 
conmittee to carry this out. We do not support the suggestion '^in this 
•recommendation that B.I. U. Income not be given for low quality students. 
This would be far too difficult to control. We believe that If the screening • 
function is carried out by the discipline group tha pressure on, the universities 
wtll be such as to minimize any problems. " 

Recommendation 10: We support this reconinendation in principTe 
but not in detail. We believe that students should indeed be encouraged to 
not take all three degrees at the same institution. but we do not believe that 
it is practical or desirable to havi -nny rigid legislation preventing this. 
In some cases there may be va.lid j;ecisons why the student should stay at the 
same urMversity. * ' 
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' Recoiwendatlon 12: We support the first part o'f this recoiwnendatlon 
that Ph.D. programmes should be the responsibility of those. staff who have a 
satistactory record of research and supervision. We are uncertain however as 
to the intention of the second- part. It would seem to us to be up to each 
university to establish the criteria by which It judges its faculty. The 
University of Waterloo already has published policies on promotion and tenure 
which set forth the criteria used at this university. 

Recommendation 17: We cannot accept the last paragraph in this 
recommendation. We do not believe that faculty members at one university 
are tfie responsibility of the Ontario university system. Each university 
must be free to select its own faculty. We cannot accept an obligation to 
hire professors from other universities whose programmes in certain disciplines 
night be curtailed or phased out. At the same time we would not expect other 
univorsi ties in the systetv. to assume any such obligation for the members of 
Cur f dcul ty. 
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University of Western Ontario Responses to the Consultants 
Report - Ph«D« Planning Absessment in Chemical Engineering 

December 12, 1973. 

This response has been prepared by a Committee of Senate 
charged with generating such a response to the ACAP Consultants' 
report on doctoral studies in Chemical Engineering. Our comments 
are divided into two categories - those dealing with broad questions 
of academic policy and those dealing with factual details. 

Policy Matters 

1. Recommendation #9 on pg. A- 10 deals with the creation of a 
system-wide committee to monitor graduate admissions with a 
view to ensuring that minimum admission requirements are 
maintained in all programs. Because admission standards pro- ' 
vide one measure of program quality, we are in complete 
agreement with this recommendation and can foresee the already 
established Discipline Group fulfilling this function on a^ 
continuing basis. Vie are, however, strongly opposed -to the 
enforcement of admission requirements through the use of 
financial sanctions as recommended by the Consultants. In view n 
of the fact that all admissions to Chemical Engineering graduate 
programs are already carefully scrutinized by the Faculty of 
Graduate Studies, the moral suasion which will result from 
system-wide disclosure should be sufficient to accomplish the 
objective and more in keeping with a proper University-Government 
relationship. 

2. Recommendation #13 on pg. A-10 introduces a new approach to 
the critical size concoptf, this time in terms of an average 
ambient population. It is our view that "critical capability" 
is more germane to a Ph.D. program than "average ambient 
population", and that the nurber of 10 Ph.D. students appears 
somewhat arbitrary. If it is critical capability which" is 

the concern, then the number of post-doctoral fellows associated 
with a research program must obviously be taken into account. 

3. We share the concerns of the Consultants outlined on pg. A-40 
dealing with the low proportion of Canadian students in Ontario 
graduate programs. If the Chemical Engineering graduate 
programs in Ontario are to compete with the financial attractions 
of industry for the intellectual interests of Canadian bachelors 
graduates in Engineering, then more attractive scholarship 
programs aimed at Canadian students are absolutely essential. 

In responses to some of the other r:ngincer ing ACAP Consultants 
Reports whore the low proportion of Canadian students in 
graduate proqrars has been identified as a problem, we have 
sucrqested the solution of hicjher stipends for graduate students 
hol iin^j J rof j.sicjna 1 ciua 1 i f ica ti on:; , as is presently done in 
the fields of medical research!. 



Pac tual Details 



1. Three of the entries for Western^ in Table 6.1.1 on pg. A- 23 

are incorrect and should be changed. The entry for F.T. Staff 
should read 10 rather thah 11, for Assistant Professors should 
read 2 rather than 3, and for Postdoctoral Fellows should 
read 11 (eleven)* rather than 0 (zero). As a result of these 
changes, Table 6.1.2 on pg. A- 24 will have to be modified to 
show $12,350 as the average total grant per professor 
($123,500 divided by 10 professors). 

2*. The indication that a student in Engineering received more than 
the allowable $2,400. of formula support per three consecutive 
terms is an exceptional instance. Recently instituted continuous 
monitoring of support to students in the Faculty of Engineering 
would indicate that a limited number of minor deviations from 
regulations have occurred in the past and steps have been taken 
to correct the overcommitment within the budge.t year .under 
consideration. These actions have assured that even small 
deviations from Provincial policy do not occur. 
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A Ror»ponse of the University of Western Ontario to tho 
Advisory Comnittee on Academic Planning with respect to 
the Hngineering Specialty Assessnentf (1973). 



November 29, 1973 

Hisloriccir Aspects 

Approxinately 20 yours a^^o (1954) on the rocor.:nendation of the Faculty 
of Arts and Scienco the Senate of the University of Western Ontario established a 
Department of lingineering Science, This Pepartr^ent undertook to gather the faculty 
necessary to establish an independent l-aculty of Lngineerin^ Science and Faculty 
status was granted to this group in l^^bO, Tiie beginning of forr.al graduate study 
uuii the ot^ferin^; of an M.E.Sc, • program which received the approval of the Faculty 
of Graduate Studies and Senate in 1961, The first candidates (4) v;ere admitted , In 
September 19^2 and by 1964-65 th^ number of NUE,Sc. candidates had risen to IS, ' 
In October 1^64 th? Faculty of Graduate Studies approved the establishment of a Ph,D 
program in Hngineering Science and the S'^nate supported this action on January 29, 1965. 
From the outset an et;!:ort was made to er^iphasise the interdisciplinary nature of the 
program and graduate training was offered in a limited number of areas which at that 
time included chemical and biochemical engineering;, soil mechanics, structural 
engineering and tliermodynomics . Since its inception the Ph.D. program has produced 
a number of graduates 

1969 - 1 

1970 - 1 

1971 - 6 

1972 - 6 

1973 - 6 

In 1973-74 there were enrolled in the Ph.D. program 29 full-time students 
and 15 part-time students. All of these studenls have received or are enrolled in 
pro^rajas leading to a Ph.D. in hngineering; Science and none of them has received 
a degree designated as serving one of the traditional specialties of engineering 
(e.g. chemical, mechanical, etc.). - 

The ''Ring of Iron" published in 1970, among other things, recommended 
tl:at: tiie Faculty of Hi^gin-jerint; Scic.icu drop the "Science" from its name (Pang of Iron, 
p. 77). The l-acuity, after conisidi^ring this natter, elected to retain this name as 
it did 11'^ interdii;ciplinary pro.^rains. The "Riui^ of Iron" did recognise the inter- 
dii>ciplirary nature of the pro^r;.ms by rc-com.T.ending that Ives tern "concentrate" on 
environmental engineering u'liich was acknowledged at that time to ba a foretaste of the 
future. At that ai;. ^eosr.cnt it w:i:; al/.o noted tliat "Western has gained distinction with 
its work in industrial aerodyr:a:a ics , electrostatics and bioengineerlng" . (Ring of Iron, 
p. 76). 

As a conscciiioiic:: of d : : t i s i'act ion will; th.e stringency of Ph*n. recommend- 
atic^:.'. iii lIij; "Rirv*: of i ror;" <i *. :iuopteJ. by il r CuiMcil of Ontario Un i vurr. i t-i cs , liic 

cf WLjn.r of Ij; ; i r i n »; Lj:. swu^y.t a r,M:;^.c'^:M .cnt of th*.; rh.D. proyjx'ar.s in 
Oiilario i (•.^;i:v't*r i ii/, .Sclwjoir.. intii ta^»k was '.ir;'J.cr t akcn under the aegis of t)ic 
A'lv i ;*or>* ( .r'^..:'ittoo c*i ALadt..:;ic Pj^.nr.inj: and scr.cthin^; wli i ch iia!^ been erroneously 
tCi .:*-:.-I a "r : ,M "a;:!nM 1 sa 1" lias tjccn ivMT oriru^d . 

ERIC 



The conditions under which this apprnir.al was5 undertaken are of 
particular interest because the form which this assessment has taken fails to 
take cognizance of work of an interdisciplirary nature which may be deemed to be 
outside the traditional specialties of civil i electrical, mechanical, chemical and 
metallurgical and materials sicence engineering • Uxamination of the five reports 
uhich have been received reveals rather remarkable differences bet\yeen reports in 
spite of tiie fact that the consultants seem to havr been given substantially 
equivalent instructions (with the possible exceptions of inechanical and chemical 
groups who do not specifically report their tenns of reference). ^ Reniarkablc perhaps 
are the proval^t coi:^ents about ''critical size" when che printed terms of reference 
contain no mention of critical sise. 

As the present assess'nent has been conductedi it soeks to determine 
whether the engineering sc'rools of the province contain five individually certifiable 
traditioral specialties of engineering. If this was the objective of the assessment 
it was nut sq stated in advance.- Not surprisingly, the large schools with substantial 
groups in each of the specialties survive asstssments of this sort. TliC smaller schools 
regardless ot the quality of their operations when judged in this particular frame 
of reference are found wanting in one or more of tie traditional specialties. That 
is not to say that the discipline is not represented in the school since it must be 
to'iTieet undergraduate instructional needs but the group practising the special .y is 
sn;al 1 and doei not meet soi.ie arbitrarily defined critical size. 

VsTiat can a school that is faced with this difficulty do? Aside from the 
obvious and in general unacceptable possibility of retiring from competition the 
resear.^her in the small "sub-critical'* groups seeks to meet the need for interaction 
with other professionals and to develop his own intellectual pursuits by developing 
liasops viih other individuals in related fields. The consequence is that individuals 
with diftcrcnt backgrounds, infomation and skills address themselves to problems 
v/hich thcv have in connon-. At its best this kind of development can be the most 
oxiting research conceivable. At its woiit the products of tiie activity may be 
r.inii.:a.l or zero. However, we would contend that operations of this sort which stem 
fru::i snail interdisciplinary groups arc potentially of great importance and further- 
novo, l\\:\t the present assessments carried, out along stereotyped lines may not detect 
tl^.CM; activities and are likely not suited to the evaluation of them. 

It will be evident that interactions with individuals in other disciplinar>* 
specialties, Iiowever integral to the research in hand, will not permit the specialist 
g^'c*.::. .s;v.ir:;c'ly represented, on staff to meet the criterion of critical si::e when the 
as:^e^:^::;'^nt is carried out in the frar;ework of traditional disciplines. 

Hie situations whicn prevail at V»estern in which those difficulties of 
ar-^e:-*'*;*vjn*. are r;ost t-asily identifiable lie with the lilcctrical and Materials Science 
.;)s aitKcur.li tiic prev-iilinr; i nto rd i ^jC i pi inary attitude of faculty members in other 
]t!;..Is to a reduction in the vertical integrity of the traditional specialties 
and to r.n e;::iai:cer.-.*nt of hor i tal i ntc*r:'ct.i(^ns between specialties. iincouragement . 
of ti.i^ l.uri ::^ntal interwictinn has boon a con^^ciou:; policy within the Faculty of 
Ir.ri i ii,; S:ieiKe ai:d is a n.ajor deten:;ini : factor in the tlecision of the Faculty 
o!!'-: an ! ncerinf, Scicr.co pre^trar. ratlv.!' than pro;;rans u\ the traditional 
. 1 1 iL S . 
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Tht* Knf*intfering Scienco Concept 

The absence of dopartmc»ntal structure and all that it contributes to 
specialty tribalism, the limiteJ dimensions of the Faculty (approximately 43 F.T.H.), 
and the existence of congenial relations has led to. development of extensive inter- 
action and collaboration between groups within the Faculty. For similar reasons it 
has also been possibK^ to develop interfaculty research activities in the biomedical 
area, (collaborative activities in both biomedical engineering and applied physiology), 
in radioscienco (as participating members in the Centre for RadioscicnceJ and in 
computer science (where the systems engineering group has developed a collaboration). 
The abiding interest of the Faculty in environmental matters has promoted interaction 
with other parts ^ the University which may be expected to bear fruit in the future. 
It should be noted that in all five of the assessment reports the comments on the 
quality of the work in hand were favorable. ' " 

In effect, circumstances have dictated that z particular course of 
development be followed. It would be our contention that this course has led to much 
that is valuable and worthy of development. V.^hile the route we pursue may be in- 
appropriate to other Engineering Schools we would request that we be judged in this 
framework and not in the traditional format which cuts across rather .than displays 
our most effective activities. 

These remarks may be concluded by a statement that as recently as 
November 14, 1973 and with the full knowledge of the various consultants reports,, 
the- Faculty of fngineering Science reaffirmed its intent to continue to offer under- 
graduate, masters aiid doctoral training in Engineering Science and not in any of the 
specific sub-discipiines. 



RESPONSE OF THE UNIVERSITY OF WINDSOR TO THE ACAP REPO-RT 
FOR DOCTORAL STUDIES IN CHEMICAL ENGINEERING 

I n t roduc t t on 

The consultants* rep.ort on Chemical Engineering at 
Windsor is generally complimentary. 'However, it applies two 
considerations in singling out Wi»idsor for further Inyestl- 
qation. These are chat there are too many departments of 
chemical- engi fleering in Ontario and that a critical size exists 
for viable operation of a department. These considerations are 
examined in detail as we comment on the report^s recommendations 
i n t II rn . 

Since one table of data (6.1.2) is completely erroneous 
with respect to at least Windsor we also provide a set of correct 
•data. A I so^ at ''ached is a brief description of the operation of 
the Engineering Process Design Divislo*'^, the means by which 
Windsor achieves critical interaction. 



C-38 

Recommendation 1, That, ff Indeed a suitable basis for planning 

the development of Ph.D. programs In Ontario 
Universities we re found, such planning should 
be done separately for the various Individual 
branches of engineer! -ng (e.g.: ' chemical, 
civil,, etc*) rather .than for engineering uS 
a whole; 

This we reject on the basis that »t ignores the necessity 
and the desirability of interaction between departments (and disci- 
plines) at individual schools. Such Interdisciplinary interaction 
may be even stronger than i n t r a - d I s c I p 1 I n a ry communication between 
va.rious universities. In most instances the separate departments, 
of engineering were set up. with the objective of developing strpng 
overall faculties of engineering. This has been the Intent at 
Windsor. 

Recommendation 2. That, considering the length of time required 

to establish a high-quality Ph.D. program, no 
short-term cor s i de r a t I on s should be involved 
inanyplanninq; 

We agreg. And long-term consider a. t Ions should be com- 
pletely thought out. 

Recommendation 3. That the Ph.D. program be regarded as an integral 

part of the total educational process in chemical 
enqineering, jnd by I^s presence strongly influenc- 
ing programs at other levels in a given university; 

Agreed. "i he statement, however, holds for any teaming 

discipline, not just chemical engineering. Therefore, each individual 

dcpnrtment of engineering need not give its own pa»'tlcular Ph.D. 

to achieve the above. A sharinq of such a program between small 

departments of like background may in fact be better than having 



departments of limited resources competiiq, rather than working, 
with one another. 
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Recommendation 4. That no university having a Bacbelor*s and a • 

Master^s program be prevented permanc.itly fro«n 
offering a doctoral p rog ram ; 

The intentis presumably that no qualified Individual 

be prevented permanently from havinq doctoral students .under his 

supervision. See 3 above. 

Recommendation *5 . That because no evidence of major overproduction 

of Ph.D.^s in chemical engineering in Ontario 
exists, the total population of Ph.D. students 
in the Province as forecast and desired by the 
departments not be reduced significantly during 
the next five years. 



We agree. Enough reduction *has already taken place In 



any case. 



Recommendation 6. That, considering the decreasing numbers of 

Canadians registeri'ng in Ph,D« programs in 
chemical engineering, appropriate steps be 
taken to inform: 

1) potential candidates of the value of a Ph.D. 
degree in many phases of Government and in- 
dustrial activities, and not only in research 
anddevelopment; 

2) employers, both in Governmenl: and industry 

of the premium value of the chemicaj engineer 
with a Pfi.D. in many phases of their activitie 
in addition to research and development; 

Agree. The Ph.D. program has lost its Canadian identity 

and must do something before becoming suspect. 



Recommendation 7- That Ph.D. programs in addition to the u«sual 

scholarly goals, have as one of their alms an 
effort to develop entrepreneurship in students 
since this is a quality so badly nee.ded at 
present in Canada; 

Or more strongly that Ph.D. programs develop entrepren-- 

our- ship in students. Consulting through research institutes or the 

like should involve Ph.D. students more than at present. * This has 



been the practice at Windsor. 
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Recommendation 8. That, since there'ls never a valid reason for 

producing a second- or third- rate Ph.D., no 
student be admitted Into the graduate training 
program, either at the Master's or the Ph.D. 
leyel, unle'ss that student has obtained n 
undergraduate training, the eq u I va 1 en t • o f at 
leastaBlevel; 

This is Indisputable in intent but a B level is not a 

(guarantee of a first rate graduate degree. And, pursuit of the 

en t repreneu rs h i p goal may require broader entrance criteria than 

..grades. 

Recommendation 9- That there be established a Post-Entrance 

Acceptance Co mm it tee (PEACE) composed of 
representatives from all the chemical engineering 
departments engaged in Ph.D. education; 

That t^h i s committee meet within a period of Mess 
than one month after the academic year has com- 
menced, and that all acceptances be reviewed 
post f a c t o ^. . a 1 1 available data being presented 
to t h i s comm i 't t ee ; 

That, should it be found that students have b-en 
accepted who, in the opinion of this committee 
do not fulfill the. minimum requirements, the 
committee advise the Council of Ontario Univer- 
sities that a recommendation be made to. the 
^ requisite authority suqqestinq no Basic Income 

Units be awarded for that student; 

The University of Windsor would not accept the establish- 
ment of PEACE, or of any external screening committee of this kind. 
However, we are not averse to an annual enqineerinq-wide disclosure 
of our admissions to be reviev;ed by CODE. This external policinq 
would be quite adequate to quarantee qereral adherence to the 
standards of admission already laid down by Ontario graduate schools. 
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Recommefidat Ion TO. Thitielther In the financing of Ph.D. programs 

or by/other means, the' Government of Onlarlo take 
steps to strongly encourage mobility among the • 
graduates of the universities of the Province so 
that a fair portion of them take higher degrees 
at un 1 vers 1 1 les other than at the one which awarded 
them their bachelor^s degree; 

We agree. Such a poll^cy. may break tKe present stalemate. 

But a wider view including all Canada, the United States end beyond 

may also be encouraged. 

Recommendation 11. That efforts be .continued In the departments to 

group research activities In well-defined areas 
so as to establish or reinforce teams, thus 
providing a more stimulating envl ronment 'for^ the 
s t u de n t s ; 

We heartily agree. Also encourage groupings which tran- , 
scend departmental boundaries where this Ts beneficial to the students 
and to the f acu 1 t y . 

Recommendation 12. That Ph.D, programs be the responsibility of only 

those staff members who have a proven or potential 
satisfactory research productivity and. capability 
ofsupervisingstudents; 

That consequently, universities adopt and publish 
policies which confirm the provision of equally 
valid career opportunities In other areas of 
university activities such as teach I. ng, student 
guidance and administrative duties, for those- 
professors who have no special inclinations to 
participate in Ph.D. programs; 

This is a 'crucial recommendation. * Both parts of the recom- 

nendation indicate that research, if done, is to be well done. The 

recoqnition of^-student supervision abilities is noteworthy and long. 

overdue. The second part may be inconsistent with recommendation 3 

unless it is reworded to state that the undergraduate program and 

the graduate program be regarded as integral parts 6f the total 

educational process; one cannot exist without the other. 
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Recommendation 13. That the case of a depariment which during the 

next five years' has not maintained an average 
ambient population of at least, ten Ph.D. studart'ts 
of the caliber sooclfled In recommends 1 1 o.** 8, be > 
reexamined by the appropriate authorities with" a 
view to the temporary suppression of the Ph.D. 
program* 

We cannot agree. The Intent Is ci^ltlcal Interaction, the 
solution given here Is critical size. Unless the desired critical 
interaction Is rneasured directly in both large end small schools 
it should not be presumed to exist. 

The recommendations which follow are pertinent to particu- 
lar schools. Only recommen da t i on 1 7 "^men 1 1 on s the University c5 
Windsor: 

■> 

Recommendation 17. That the case of the Department at the University 

of Windsor be given particular attention by ACAP 
In the light of recommendation 2 and 3 and in 
consideration of the present excessive number of 
departments of chemical engineering In Ontario; 

That this case be investigated In greater cJepth 
than the present study has allowed; 

< 

That in the event of any action taken \ ith regard 
to the present recommendation and recommendation 
3, very special con s I de r a t ^on be given to all 
aspects of the relocation of staff members -who 
in the opinion of the consultants, are the 
responsibility of the Ontario university system. 

There are several points to be considered under this 

recommendation. The first of tnesc is "the present excessive number 

of departments of chemica! engineerinq in Ontario'* or as stated in 

the conclusions of the r'eport '^there Is some evidence that the number 

of departments of chemical engineering in Ontario is greater than 

colled for by present needs ' ' . 



The criterion fdr stating that the number of departments 
exceeds needs Is a relatively high rat'lo of number of departments/ 
million population, for Ontario. This kind of ratio Is fundamentally 
meaningless, unless applied uniformly for 'all learning disciplines. 
Perhaps It could be that Ontario has done so well because of this 

« 

high ratio? Then,' why go backwards? 

Granting for the moment that there are too many departments 
of chemical engineering, the question arises as to which of these 
departments are 'superfluous' to the system. Although the criterion 
used by the consultants is not explicitly stated 1 t -.1 s apparent to 
us that the consultants have applied the criterion of "critical size" 
in singling out both Windsor and Queen's for special consideration. 
This Interpretation is borne out by Recommendation 13 where at least 
10 Ph.D. students are requ^n-ed for a critical size. Further, In 
referring to. the Engineering Process Design Division In which the 
entire chemical engineering department at Windsor Is placed, we 
find "Even though the total number of faculty members in a division 
(20) Is still small, yet t he" a r rangemen t should produce good' Inter- 
action between disciplines, and is realiy the only way In which 
anything approaching critical size can be produced''. 
Presumably any depa r tmen t of less than 20 faculty is of less than 
critical size (in fact, only two departments In Ontario have more' 
than twenty faculty trembers). 

The criterion of critical size Is qiiestlonable, and 

« 

SO are the arbitrary levels assigned to this criterion. We sub-- 

nit that the division structure at Windsor, in setting out to achieve 

critical interaction has already satisfied the objectives sought by 
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the critical size concept. The division structure Is now In* Its 



second year of operation. A brief d€iscr f pt Ion. of the Engineering 
Process Design Division, appropriate to Chemical Engineering, Is 
attached. * 



Windsor at the bottom of a grants/ faculty member scale. The 
data are acknowledged to be i ncomp 1 e te • and as~ such are erroneous. 
Hopefully such a table was not. used in se 1 ectl ng 1 n dso r (or 
Queen's) for special consideration. In any case data of such 
importance should be based on periods of at least 3 years, the 
normal residence time of a Ph.D. student. Correct data are 
attached. 



Another point of 



interest Is Table 6.1.2 which places 
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Ennineerinq Process Design Division 

This division brings together in a formal fashion faculty 
ond students working in research areas relating to the theory and 
practice of pr.ocess design. The division thus encompasses personnel 
with research interests in thermodynamics, kinetic* and transport 
processes. In terms of engineering practice, these fundamentals cover 
n wide range of applications. The membership of the division, com- 
prising faculty members from departments of Chemical, Civil, Engineer- 
ing Materi<3ls, Geological and Mechanical Engineering, reflects this 
J i V e r s I t y . 

The division provides cohesion of re sea rch ' e f fo r t s in two 
wnys: first, by integration of course offerings and second, by pro- 
noting interdisciplinary contact. The courses offered by the division 
are divided into core courses, considered important errough to be 
mandatory for all students within the division, and non-core courses 
I n three special areas, namely hyd ro 1 og i ca 1 , environmental and thermo- 
riuid. Organization of course offerings in this fashion streamlines 
a students' program of study, and provides him with useful exposure 
tn the broader implications of process design principles. Further- 
-^.n-e.-In addition to a consolidation of course offerinqs, the division 
-•'^.•;jcs a f9-um for mutual interaction and complementation n<" 
'•osoarchexoertiseaswell asfacilitios.. 

The -lajor research areas represented by the membership nf 
oriqinoerinq orncoss desiqn division are (i) environmental (air, 
-,oi;d and noise pollution) (ii) fluid mechanics, hydrology and 
M rau 1 i cs Mi!) heat transfer (iv) engineering materials. 
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UNIVERSITY OF WINDSOR 
CHEMICAL ENGINEERING 

Grants -in Aid of Research (1^72-73) 



Dr. M. 
Dr. G. 



Dr. A. 

?»• r 
and S. 



Adalcnn 
P. >'athur 



rt. Gn:.!) with 
C. St. Pierre 
J. W. Price 



13 *r » C < 



Dr. R. 



C. St. Pierre 
A. Stager 



$7,000.00 N.R.C. 
5,000.00 N.R.C. 

2,000.00 Aluninura Corapany of Canada 

16,455.00 Air Management Branch through 
the I.R.I. 

3,000.00^ Hiram Walkers Limited through 

' the I.R.I. 
4,000.00 Chrysler Canada Limited 
through the I.R.I. 

A, 000. 00 N.R.C. 

4,300.00 N.R.C. 



/ 2 . 



$7,000.00 

5,000.00 
2,000.00 



16,455.00 

3,000.00 

4,000.00 

4,000.00 

4,300.00 
$45,755.00 
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APPENDIX D 



PROCEDURE OF PLANNING STUDY AND TllRMS OF REFERENCE 
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Procedure for Chemical Engineering Doctoral Planning Assessment 
conducted by ACAP in co-operation with CODE 

1972-73 



Tasks Requested from Discipline Group (with help available from ACAP at all 
stages) . 



. A.l. Meet with representatives of ACAP and CODE and discuss the specialty fields 
assigned to this assessment. An initial meeting of the five engineering 
discipline groups may prove desirable. The field allocations may be altered 
by ACAP as a result of these discussions and CODE comment. 

»• 

A. 2. Suggest a panel of suitable consultants from which ACAP may choose. ACAP 
will refer the list to CODE for comment before acting. 

A. 3. Examine and comment on pro formae to be used for the gathiering of information 
on current, past and future programmes as described in paragraph B.l. 

"A. 4. Examine -and comment to ACAP on the adequacy of the data collectfed on 

current and past strength. CODE will also be asked to comment on tne data 
reliability. 

A. 5. Both in consultation with ACAP/CODE representatives and separately, consider 
the situation revealad by the tabulation of proposed future programmes and 
consider whether future plans should be modified or developed in more 
detail. As a result of this step, Individual universities may wish to 
reyise the material described in B.l.d below. 

A. 6. Possibly develop a tentative plan for development of established or new 
doctoral work in Ontario paying attention to adequate coverage* of fields 
and specialties. Any such plans will be reported to ACAP which will 
transmit thorn to the consultants and to CODE, 

A. 7. For this assessment, the discipline group shall consist of a member of 
each of the Departments of Chemical Engineering, that member being the 
chairman unless the chairman delegates this responsibility to a colleague 
on a permanent basis. 



Information from Universities 



B.l. Each university is ac^'ied to supply to ACAP, in the form indicated by 

ACAP after comment by CODE and by the discipline group (paragraph A.3.). 



Information as follows: 

a) for each specialty field determined in A.l. 

(i) current list of faculty members showing fraction of research 
and graduate instruction time devoted to the field (for part- 
time professors show the time spent on university duties); 

(ii) numbers of full-time and part-time faculty members for each 
oi: the past five yearsj^ 

(ill) for the current year and preceding five years, number of 

(1) master's and (2) Ph.D. candidates' and (3) post-doctoral 
fellows doing research in the field full and part-time 
shown separately. . , 

Under these three headings, one individual may appear, under more than one 
category. 

b) for each "department " which offers doctoral work in the fields of 
this assessment r 

(i) Curricula Vitarum of each faculty member (Assistant Professors 
and higher) showing inter alia complete publication lists, 
research funding in the past five- years, and graduate students 
and post-doctoral fellows supervised during his career, and 
specialization. 

(ii) resources of space - a statement indicating the department's 
view of the adequacy of its space, and, in connection with 
the future plans in (d) below, discussing future space 
provision; 

(iii) number of Bachelor£;' graduates m chemical engineering and 
number of qualifying or make--up students eacU. year for the 
last five years; 

(iv) other general items relevant to research and graduate study, 

a) major laboratories and equipment, over $5,000 

b) computing facilities; 

(v) support from related departments including shared teaching and 
research; 

. (vi) description of any inter-university arrangements for graduate 
work. 

• 

c) table of characteristics of graduate students in the department in 
previous five years, separately for Master^s and Ph.D., breaking 
down numbers by: 

(i). Full-time and Part-time; 

(ii) immigration status (3 years) ^nd country of first degree; 

(iii) sources of financial support; 

(iv) time to reach degree; 
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(v) drop-out number; • 
(vi) degrees grante4» 

* t * 

(vii) post graduate employment of Ph.D. s 
a) immediate and 
b^'^^.Attei^ two y^arst 

*d) proposed plans for the future of doctoral work, in as much dotail as 
the departir.fut can provide, including the proposed scheme for support 
of thciu* plans, and acconipanied by supporting arguments, including 
consideration of .the sources of doctoral students and an anal^^^is of 
demand for r,raudates fron the programmes as indicated by previous 
placement experience. The various headings in a) and b) above 
should be dealt v;ith quantitatively .where possible; as a minimum, 
pl^^ned numbers of faculty and doctoral students should be given. 
If part-time doctoral woik is contemplated, please discuss in detail. 



B.2. The r.atcrial so supplied will be collated by ACAP and transmitted to* the 
discipline gro ip for action indicated in paragraphs A. A., A. 5 and A. 6. 

• 

B.3« Apart frcn the rruiterial dfscribed in B.l.d. and to some exrent generated at 
the department level, each interested university will be requested to make 
an individual s t-itcrr/^nt on its plans for the development of doctoral 
work in thone fields of engineering, i'l particular the items of future 
co-.r.r..i Lr.cii L ir;p lie" by i t l.ti 



C. Tern" -^ f Hcf .'rone l- of Consult ants 

C 1 Consider the two special documents related to the coordination of the assess- 

r.onts in Kn^ineer inp„ viz. Engineering Ph.D. Planning and Assessment Procedures, 
Statement on Ph.D. Studius in Engineering Studies in Ontario., and the material 
prepircd bv the discipline group and the tiniver sit ies and obtain other data thoy 
nay require to carry out the tasks detailed d'..1ov. They shall hd provided witn 
ropio:: cf "Ring of Iron", the COU atatenent thereon, and the CODE, OCGS and 
Arko responses.' Tht>y nav obtain data .^nd views from any relevant source, such 
as fo- example, emplovors of holders of graduate degrees, profc 5Sional and 
le.'r;-.L-d societies, federal agencies. The campus of each infirestcd .iniversity ' 
sliall be visited by at least two consultants. Consultants shall arrange their 
schedule of visits tc the universities in consultation with ACAP to ensure 
uniforn-.itv. Repoits of appraisal consultants are privileged documents and are 
not to bo'tr.adc available to ACAP consultants-. Consultants shall meet with the 
discipline ^;rc>up near the beginning of the work, during the work as they consider 
necessary, '-^d ir.ii-.ediatc Ly before preparing their final report. 



« 



C 2 Ke->rt on the adi?n-.:acy o f the p res( r^_^tj;tc _of . doctorc'.l work in ''chemical 

engineerinr," in the province in general" and in each universit> where applicable, 
discussinr, the fo ] lowi n;', • 

a. coveragi- of fields and specialties, and extent of activity in each 
D. faeuity quality and quantity 
PD?r" "^^"^^ pr05;rar'.ries offered 

"»^" d. enroln^.ent size and distribution amongst univers i ies and diviiions 



e. quality of student body; admission requirements 

f. relationship tc related disciplines and to the profossion 
g* physical facilities 

h. othjr rrvittcrs considered by the consultants to be significant. 

C.3. X.';r;'/ rv.nu>!:;ru':ul.il iou.s for the develop:r.^mt of doctoral work in fields of 

this asset. sr.^ent in C.iririo botwctjn 197J anu ] 978, taking into consideration 
such j<lan-> as :.mv in- dt-vc-loped by the Discipline Group, and, w rhout limiting 
the {.wncraliiy oi tho foregoing, dealing with lUi' following points: 

a. Desirable dcctoral pro:;rarmcs to bo offered in the province, considering 
bofh por'oiblo li' itations or redu^ticns of existing programmes and 
creation of prograni-ics and ncv kinds of programmes ' including 

the nppro:;riaLc-:vj.-;s of part-tir.e programmos. In particular, consider 
if there £.iiould ur slu il d not be more activity in fields now producing 
fev; gradu.nos in Or.t. .:o and also the desirability of developing further 
applicat ion-oriontc^d and inter-disciplinary work and industrial involvement, 

b. Desirable provincial enrolr.ents, year by year, in the doctoral study 
in chemical engineering and in the major subject divisions where 
appropriate. Oa^' • r.liould consid. r Li;e need for highly trained mcin])()wer 

and also the rcr. ral ru]t*:ral and 5-.ocietal factors which, may ] eaci s*. -uients 
to puic^u*^ doctoral work in ongirccring. In considering ms^npower needs, 
one r>hcu]'^ take account of the "narket" available to graduates (at 
learnt all of Canada) and of otaer sources* of supply for that mar ket; 
^ Results of forecasts of hiu;h ievt:l nianpower employment sh.ould be treated 

witli due* caution an.l oniy in a cioarly balanced reia t:ionsnip with 
cultural and societal needs. 

c. Distribution amongst the universitieo of responsibility for programmes • 
aiid for specialties whore appropriate, including consideration of the 
need for any ii:creasc or decrease in tho number of departments offering 
doctorni work ix^\d includins^, consideration of areas of collaboration 

^ and sharin;; of facilities at regional level and across. the province. 
Consider tcchninuos for involvener.t in electoral supervision of 
prof(\si5ors in clcpartr.cnts wluch do not take doctoral students in 
their fields, and th.e extent to wliich such activity is desirable. 

^ ci. Di^uribution of enrol-nent amongfit the universities, showing desirable 
ranr.f ' S oiirolrr.ent . 

In all c...:r-, it i:; irr.portar.t that tho rationale for the rc^cuunau^da tlui.s 
be clear; th.i:3 is especially ir.portant for items c. and d. 

It i5; p^rr^.i sr. ;M e for conr.ul tant s to recommend appraisals of individual 
proj'rar.-ie.^ . 'ilii^ \*:MiId a*ri.-.o :f co»n;uil tants were to SM^p^ct that a 
proj;rar,re would . touiul to bo wr.olly or in part below minimum acceptable 
stap.dar!r>; a:ui ar^pra nal by tho Appraisals Committee i;. the means of 
settlir.k; t};e ^;\iestir:i. It is recoenir.ud that this action would be 
inirequ-M. !:> c'irryini; rx:i plaa::iaj: assessr .mu s 

'"'-'^ <^i'^^'i;'-ines^ r(-:si:Uant.; find there to In- an ixrrr.^ or 6ofic]<'vcv 
.ot ;'i(\:r. in a ;;iven artM of study, whL*ro all uf the existing proj' rainnnes 
cuula : is - an ^ippra iiial , tiu^y n;ay, subject to tliei* owi. jud>:n)Ciits of r»-]ativo 



quality and of other factors (a task outside the terms of reference of the 
App aisals Committee), recommend where enrolment should be changed in 
aqcoriiance with the possibilities indicated in section C3 (c). 

Appointrc^nt of C^^nsultants 

The consultants shall include one person of wide academic experience In Canada 
but in a differ.cnt disciplinci. The other two consultants shall be engineers of 
International standing,, with suitable adminJ strative and/or tcachinR exporiencet 
and with expertise in some of the fields assigned to the chemical engineering 
assessment. 

R eport cf Corr ultants 

The consultants submit a join: report to ACAP (tentative date of September. 1973) . 
Minority reports r.re, of course, possible. The reasoning? leading tc their 
recorvr.cn.iat ions should be t;iven fully, in view of the subsequent treatment of 
the rcjcrt. Vho report is subr.itted for ccrr.ent to CODE, to the discipline ^roup 
and to eaci* interested university. There nay be infomal or interim exchanfie^ 
of vi£v;s ar.ongst the discipline group, the universities, CODK and ACAP. Any 
univorr.iry v;hlch wishes to r.ake a forr-.al statement to COU on the consul tantr/ 
reporu ^haLl suhr. It it to ACAP, Any such report shall be transmitted to CODE 
and to the discipline -oup. The discipline group shall submit its formal comments 
and/or rccor.r;endat ions to ACAP and CODE. CODE submits, to ACAP its r.-»cornondations 
to CCl\ ACAP considers the CODE, discipline group and university statements alon^ 
with the ccr.s^iltants ' report and transmits them to COU with its r ecorriaendations of the 
po.siticn COV should adopt. Copies of the material tranrriitted to COU v;iJl be 
suppiacc to Li>.;.r, to CCGS, to the me.r.bers o^ the discipline group and to rhe inter- 
ested universities. CODE, OCGS and the universities are thus enabled to prepare 
for direct cotr.ment to a CC'J meeting. The consultants' report may be published 
together vith the cor.mcnts of CODE, the discipline group and those of any univer- 
sity so requesting., and ^rith the position adopted by COU. 



D-6 

Amended' Noventber 29, 1972* 



EHfe^lneering Ph.D. Planning and 
Assessment Procedures 
Coordinating Task Force September 25, 1972 

!• Thd doctoral assessments in Engineering are being conducted as a g*oup.. 
To that end there has been established a Coordinating Task Force to 
coordinate the conduct of the assessments in accordance with the proce- 
dures outlined in this .locunent which is referred .to in section CI of 
the Terms cf Reference for the Consultants. 

2. All "departments'* of each Engineering Faculty shall prepare a statement 
presenting their current and proposed Ph.D. activities including: 

areas of research and study 
educatj.onal goals and style 

enroln.cnt ranges projected to five years, and other iteras 
as defined in section B of the approved "Procedure", 
including the basic ACAP quantitative data sheets as modi- 
fied for the engi-neoring* assessments. 

The quantitative, data sheets, to be submitted to ACAP bv November 1, 197/, 
and the "five-year plans", due by the end of January 1973, will fhen be 
distributed by ACAP to the discipline, groups for consideration and planning 
action by tho' individual institutions and by the discipline groups. 
Copies will be made available to the members of CODE. » 

Departments are oncouraj;e^ to discuss their preliminary plans with the 
appropriate discipline group prior to formal submission in January and 
the disciplint' ^;roupG should be active in their planning function 
throughout this period. 

3. Each Disciplin!^ Group will be charged to prepare from the statements a 
report on Ph.D. activities; and plans in their discipline area, noting" 
botli apparent conflicts and gaps in both areas of specialisation and 

■ enrolnonts. Kc-ports will be distributed as above, by the end of 
Fcbruniy 197 3. 

A. Each University p.ay modify the above statements in the light of the 

above and in consul tat i cn with the Discipline Croups and otlier Universities 
as appropriate. Subsequc-ntly the Discipline Groui^s will finalize their 
• rcporti;, which are duo to AC/VP by April 13, 1973. 

5. These statcr^.L-nt^ and .reports, along with the regular fiCAV assessment data 
(to bo pn^pai-L-cl d iriir.; the above process, perhaps with CODE "data bank'' 
collaborn t i(Ki) stiaU foria the data base lor the assessment teams. Failure 
to meet d.vidlines will not be allowed to delay proceedings. 



(a) 
• (b) 

(c) 
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5. ' The Coordinating Task 'Force will review the detailed terms of reference 

to be given to the consultant teams, particularly in the educational 
* professional areas. This is scheduled, for completion by September 30, 
1972. 

6. Upon conipletion of (4) abov?, the Coordinating Task Force shall recommend 
to CODE and ACAP whether areas in Engineering not clearly included within 
the five najor discipline areas shall be included within the total of 
engineering activity without further review, or included within one or 
more of the major discipline studies, or be subject to a small special 
assessment process. 

♦ 

7. door:, with assistance frou COU and utilising outside expertise as needed, 
shall ir.plc'r.ont: a special study of the engineering manpower situation at 
the Ph.D. lovol* This study should be available for consideration by 
ACAr, the Disciplin^-^ Groups and the consultants prior to the drafting of 
final rc'pcrts and rcspons(^s. Reports on the progress of this study shall 
le rf-\'ic\:<'d by liic Coordinating Task Force; the first report shall be due 
by t\w. end of' 1972. 

8. Hu* forr.nl a^>'=^es;--.r.ont. and consultative process shall commence on completion 
of (^) r.:\d the consuUantis sliall be provided with a general statement, in 
addilinl lo the d ;ta bas^:: material, terms of reference, and other relevant 
docurentr-. Thir> stalenenl which has been prepared by the Coordinating 
Task Force and is; referred to in section Cl of the Terms of Reference for 
the coa::ul t .ints is intended to draw attention to some features of the 
rh.I), ir i'.r/.incevi r.r: v;:)ich the Task Force considers distinctive enough to 
merit [.I'tL'Milar consideration by the consultants. Educational, profes- 
sirv:l :r..! r^.? xe^r.-ii concu-rns will be emphasi;:ed» Briefings and dis- 

. cuf'.siM!/; ACAl' aaJ the appL'opriate Discipline Group will complete 

the fi.rst t>t i^ie of this process. These discussions are expected to 
occur a: out on-j rH^iV.h prior to the first visitr>,and the visits themselves 
will be c onec-ntr.it ed in the mouth of May and June. 

9. The n'-::t stape consists of consideration of the avai.lable material by the 
con.su] ta:;t n , I'niv.TrJty visits, meetings v;ith the Discipline Group, and 
the pr^; a:\rtica of a draft report by September 1, 1973. 

10, Tr;c draft r»port?> v/ill he r.ade a.vailahlc to the Engineering^ Deans and to 
the j>:..v-i; ! i i'.r^^:"*. to provide for initial feedback to the conriultant s . 
Tlu-rt \: [ \ \ :jo t^Vil r^ ;'^^::se fr^n the Dir.cipline Groups to tl:e consultants. 
Fc'll'- - Li..- 1 1 ;)nf ^; v.'ill (Ir-'-jft their final reports which will 

b'- f: 1 1 . ; '^v/ rr »-p'-a.^^*'; frcrr the above* groups and finally by 

C(^n-'i i t ; r:. \r/ (^ ^'J. (The above* is intended lo nake clear tluat while 
fe«-;I* ri. ■ (*r^:v u 1 1 «*ints frori thv^ Discipline Croups is desired and 

cxpi /t^.'.! , t!'- di.ii't rv;>orts are not to be distributed for open discusston.o 
within cir :\';r t r.mL . ) 
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. McMASTER - 
OTTAWA - 

QUEEN'S - ' 
TORONTO - 
WATERLOO - 
WESTERN - 
WINDSOR - 



CM. Crowe 
B.C.y. Lu 
J. Downle 
W.F. Graydon 
K.F. O'Driacoll 
H.A. Bergougnou 
M. Adelman 
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ROLES OF ACAP AND OF DISCIPLINE GROUPS 
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is:;;:^ . i . . . • 

Ontario Council on Gr«du«t^ Studies 
By-Law Mo. 3 

A By-Law to establish a Committee on the Academic Planning of Graduate Studies* 

f 

' 1. The Ontario Council on Graduate Studies, recognizing, the Importance of providing 
for the continued and orderly development of graduate studies in the Ontario 
• universities, establishes a Standing Committee to be known as the Advisory 
Committee on Academic Planning (abbreviation - ACAP). 
Interpretation 

2. In this By-Law . • 

(a) "Committee'* without further specification, means the Advisory Committee on 
Academic Planning; 

(b) "Council" or OCGS means the Ontario Council on Graduate Studies; 

(c) "Committee of Presidents" or CPUO means the Committee of Presidents of 
Universities of Ontario; 

(d) "university" means a provincially assisted university in Ontario; 

(e) "discipline" means any branch or combination ^f branches of learning so 
designated; 

(f) "discipline group" means a body designated as such by the Committee of 
Presidents of the Universities of Ontario, and normally consisting, for 
any one die'^ipline, of one representative from each of the interested 
universities; 

(g) "planning assessment" means a formal review of current and projected 
graduate programmes within a discipline or a group of disciplines; 

(h) "programme" signifies all aspects of a particular graduate undertaking; 

(i) "rational ^zat ion" means the arranging of graduate programmes in order to 
avoid undesirable. duplication » eliminate waste, and enhance and sustain 

ERiC quality. 



Membership 

3. (a) The Committee shall consist of at least seven members of the professoriate 

in t)ntario universities » some of whom shall be members of the Council. 

(b) The members of the Committee* shall serve for such periods of time as the 
Council-may determine » and they shall be selected in such manner as may 
provide for reasonable balance both of academic disciplines and of universities." 

(c) The members of the Committee' shall be appointed as individuals. 
Chairman 

4. The Chairman of the Committee shall be named by the Council » and he shall have 
one vote. 

Quorum 

5. A majority of all members of the Committee shall constitute a quorum. 
Functions 

6. The functions of the committee shall be 

(a) To advise OCGS on steps to be taken to implement effective provincial 
planning of graduate development; 

(b) To promote the rationalizaticn of graduate studies within the universities > 
in cooperation with the discipline groups; 

(c) To recommend^ through OCGS> to CPUO .the carrying out of plarining assessments 
of disciplines or groups of disciplines and to recommend suitable arrange- 
ments and procedures for each assessment; 

(d) To supervise the conduct of each planning assessment approved by CPUO; 

(e) To responH to requests by CPUO to have a discipline assessment conducted 
by proposing suitable arrangements; 

(f) To submit to CPUO the reports of the assessments together with any 
recommendations which the committee wishes to make. A copy of the report 
biiall be sent to CouYtcil. 



Jurisdiction . 

7. In order that the Conmittee may discharge the functions described in Section 6 
above » It shall be authorized 

^(a) to request a university to provide such Information pertaining to graduate 
studies as may enable the Committee to discharge Its functions; 

(b) to request a discipline group to provide such information as may enable the 
Committee to discharge Its functions; 

(c) to receive reports from the universities and from the discipline groups , 
and to comment and communicate with the universities and the discipline 
groups concerning such report? ; 

(d) to convene a meeting of any discipline group for the purpose of discussing 
the development to date» and proposals for the future development of 
graduate studies In the discipline concerned; 

• (e) to send one or more representatives to a meeting of a discipline group at 
the Invitation of the discipline group; 

(f) to make such suggestions to a discipline group as may be deemed appropriate 
to the functlcvis of the Committee; 

(g) to supervise the conduct of planning assessments, and to report thereon to 
the Committee ot Presidents of Universities of Ontario; 

(h) generally to report and to make recommendations to the Council; 

(i) to seek and receive advice from appropriate experts; 

(j) to employ consultants in counection with planning assessments. 
Procedures 

8. The procedure to be followed by the Committee shall be as approved by the 
Committee of Presidents of the University of Ontario. 

9. The Committee's function is solely advisory. 
Effective Date 

10. This By-Law shall take effect January 1971. 
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ACAP DISCIPLINE GROUPS AND THEIR ROLES 



1. Establishment of a Group 

When it is considered desirable to activate planniig Of graduate work in sopie 
di3cipline(s) or interdisciplinary area, COU, on tie advice of OCGS, will 
authorize the estatiishment of an ACAP discipline group, if if was not already 
approved and included in the May, 1968 list, "f it is already authorized, ACAP 
may decide to set it up as described in paragraph b. 

The Executive Vice-Chairman of ACAP will then invite the executive head of each 
university (including Waterloo Lutheran University) either to nominate a 
member of the discipline group or to indicate that hii univeibity has no plans 
for graduate study in this discipline in the next five years or so. If a 
university can state no plans for future graduate work in the subject, but feels 
•that a v;at.ching brief is desirable, it may appoint an observer to the grouo. 

Changes of a university's representative are to be notii ied by the executive head. 

The group shal.1 select its own v:hairman. 

2. ^!eetings 

A discipline group may meet at the call of its chairman or in accord witk its 
own arrangements. 

A discipline group may be called to meet by the Executive Vice^-Chairman acting 
for ACAP. 

3. Respon clbillt tes 

The group is to keep under review tho plans for graduate work n its dis:ipline 
.in Ontario, including new developments and trends in the discipline, and to 
make reports to ACAP on a Legular basis. 

The group may make recommendations to ACAP in connection ^^ith gr ^duat'ci viork 
In its discipline when it considers it appropriate. 

ACAT will assist the group in obtaining information and data, as t utualJ.y agreed. 

Wlien COU has instructed ACAP to conduct a planning assessment, the dlscpllne 
group will assist and advise ACAP in det^-rminlng procedures and terns o: 
rt'iert»nco, will report as requested and will gener«ally facilitate tt^e a-ssessment . 



Approved by nCTS March 22, 1973 
and bv COL* Apri I fS, 197 3. 
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CURRICULA VITARUM OF THE CONSULTANTS 



PIERRE GRENIER 



Born Quebec City, Quebec, August 15, 1922 

B.A., Gamier College, 1942 . ' 'I 

B.Sc.A., Laval, 1946 v 
M.S., Columbia, 1947 * 

Quebec Department of Mines, Research and Development Engineer, summers 
1946-51 

GARDE, Valcartier (DRB), Research Associate, summers 1952-60 
Laval University, 1947- / 

Assist^t Professor, 1947 

Associate Professor, 1950 

Professor, 1955 

Chairman of Department of Chemical Engineering, 1965-69 
Dean, Faculty of Science * 1969- 

Fellow, Chemical Institute of Canada, President, 1972-73 
SCITEC, Member of Council, 1972 

'Member, French-Canadian Association for the Advancement of Science (ACFAS) 
Member of NRC Grant Selection Committee in Chemical and Metallurgical 

Engineefring, 1968-70 

Committee Chairman, 1969 and 1970 
Member, NRC Standing Conanittee on Grants and Scholarship, 1969- 
Member, NRC, 1972- 

Material and energy balances; unit opera,tions; transport phenomena. 

Address: Faculty of Science 
Laval University 
Quebec 10, Quebec 
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WILLIAM ROBERT MARSHALL. JR. 



Born Calgary, Alberta, May 19, ^Tgiie ' \ 

B.S., Illinois institute 'of Technplogy/ 1938 
Ph.D., Wisconsin,^,1941 . 

' * » . 

E.I. du Pont de Nemours, and Comp'any, Engineering Department, Engineering 

Experiment Station, 19-41-47 
University of Delaware, Instructor, Extension Division, 1944-45 
University of Wisconsin, Associate Professor, 1947--53 

University of Wisconsin, Professor, 1953- . . , 

Associate Dean, College of En&ineering, 1953-57 
Executive Director, Engineering Experiment Station, 1953-71. 
• Dean, College of Engineering, 1971- 



Member, National Academy of Engineering 

Member, American Institute of Chemical Engineers 

Member, American Institute of Chemists 

Member, American Society for Engineering Education 

Member, National Academy of Engineering 

Member, Society for the History of Technology 

American Institute *bf Chemical Engineers , President , ^963 

Argonne National Laboratory, Chemical Engineering Review Committee, 1958-66 

Policy Advisory Board, Member, 1965-66 
National Science Foundation 

Advisory Committee for the Engineering Division, 1965-67 

Chairman, 1965 and 1966 

American Institute of Chemical Engineers 
Best Paper Award, 1950 
Institute Lecturer, 1952 
Walker Award, 1953 
Professional Progress Award, 1959 
PhiUips Lecturer, 1973 
Founders Award, 1973 

Addrosj^: Office of the Dean ^ 
258 Mechanical Engineering " 
I'niversity of Wisconsin 
Madison, Wisconsin 5'3706 



/ 



ERIC 



Born Devil's Lake, North Dakota, July 6, 1916 

» 

B.Sc, Manitoba, 19A0 
M.Sc. , Manitoba, 1941 

Ph.D., McGill, 1943 * " " 

Atomic Energy of Canada Ltd. , Project Leader, Nuclear Chemistry and Tracer 

Research, 1943-52 
Mc.Gill University, Special Lecturer, 1952-5^; 

Associate Professor, 1954-58 

Macdonald Professor of Chemistry, 1958- 

Chairman, Department of Chemistry, 1965-72 
International Atomic Energy Agency, ^i^naa. Director of Research and 

, Laboratories, 1963-65 
Visiting Professor, University of California, Berkeley, 1962 

Fellow of the Royal Society of Canada 
Fellow of the American Physical Society 
Fellow of the Chemical Institute of Canada 

Research Collaborator, Brookhaven National Laboratory, 1948- 
Associate Edi :or ,. Journal of Inorganic and Nuclear Chemistry (London), 1961 
Associate Editor* Radiochemical and Radioanalytical Letters (Budapest), 1969- 
Member, Chemistry Grants Selection Committee, NRC, 1967-70 
Member'^ Conseil des Universites (Quebec) 1971-72 

Nuclear fission; mechanism of nuclear reactions; isomer studies; absolute 
disintegration rate studies. 

Address:* Department of Chemistry, 



McGill University, 
P.O. Boit 6070, 
Montreal 101, Quebec. 
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RESPONSE OF THE COMMITTEE OF ONTARIO DEANS OF ENGINEERING 
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COMMIT! EjE OF ONTARIO DEANS OF ENGINEERING 

t 

■ RESPONSE TO ENGINEERING PhD ASSESSMENTS 



Preamble 

Individual reports of PhD Assessments have already been received by 
discipline groups and by individual universities* Both bodies will 
undoubtedly make detailed commentary on the specific reports which are 
of direct concern or interest* In view pf this, CODE has decided to 
forego comment on such specifics, and has determined to refer only to those 
matters of a more general nature which affect the universities collectively* 
In choosing to frame its response in unitary fashion, CODE wishes, at the 
outset, to emphasize that it views engineering education and practice as a 
total activity instead of a discrete set of unrelated disciplinf»« such as 
•Chemical, Civil, Electrical, Materials, Mechanical and Metallurgy, etc* 
This theme of relationships between disciplines within a faculty, and 
indeed between faculties, will recur later in the report in subsequent 
discussions. . 

Of the ten topics on which CODE sets out its 'responses^ three are 
considered to be of primary importance - manpower, quality, and critical 
size* Consequently, they _have been covered in somewhat greater detail 
than have other topics of interest, in order to provide identification and 
emphasis, rather than a fully developed 'position^ 

The primary concern in this response is unquestionably that of quality 
over quantity. In assuming this position CODE realizes that the indicators 
of quality are undoubtedly staff, students, programmes and facilities* It 
is difficult CO assess the precise hierarchy of these four basic parameters* 
Suffice it to say that, while the first two are paramount in terms of. 
establishing potential for excellence, the last two are important in 
realizing this excellence* 

CODE offers itfi resources in such further and subsequent amplification 
as may bo useful to the purposes of the Council of Ontario Universities* 

Manpower 

CODE is in a^reeraent with the general observations of the consultants 
with respect to the PhD manpower situation. It appears clear that the 
s'lpply of PhD candidates will be limited by the availability of high quality 
entrants. The relatively small numbers of Canadian graduates entering 
Pill) progrannes is a cause for concern. If Canada is to advance industrially, 
it vtnild be expected that there would be an increasing demand for high-- 
tucuni)logy support. An under--supply of PhD graduates in engineering would 
not bt* in Liie best intert'.st of Society. There is clearly no evidence of any 



over^supply because of the way engineering graduates at all levels are 
seen .tt> diffuse widely through industry, commerce' and government; there 
appears no prospect of this becoming a problem in the future. 

CODE realizes the importance of maintaining up-to-date knowledge 
of positions taken by tliti PhD graduates of the Ontario Engineering schools 
and intends to ensure that such information is updated annually. A copy 
of a recent survey is included as part of this response. It will be 
noted from this survey that there ha^ been a shift in the area of 
employment of engineering PhD's towards industry. 

In the light of the consultants'* analyses, and of the appended data, 
there is no need for quotas or ceilings on doctoral students. CODE will 
continue to report on the number and origins of doctoral students in the 
various engineering schools, on an annual basis. 

« 

QuAl ity Emphasis 
fa) Admission 

CODE is pleased to note that the consultants have agreed that hiph 
admission standards to engineering doctoral progranmes generally 
prevail. ^ 

Co:}E, ther£ifore, supports the contention that existing minimum 
entrance standards to PhU progranmies should be maintained across the 
Province* CODE believes that a ^^o.st facto analysis of admission 
practices, widely publicized, will be adequate to ensure this 
objective. ' 

In application of these standards, it must also be acknowledged that 
certain defensible exceptions will occur with respect to those with 
known special abilities or those who have demonstrated superior^ 
ability in research, design and innovation in their post-baccalaureat 
experience. 

v'.ODK fully e^upports ^he view of the electrical consultants that it is 
"in Canada* s interest, especially in international competition, to 
■javi' strength in hix^h-techno logy research and development" and. fr:r 
tills tr) iiappen there must be an objective of *^high standards of 
rXv'o 1 1 enje with enphasis on qualitv*'. 

( b ) Pro^r aiTnes an d Facul ty Fac il ities 

• '}J:. re.'j;;::uMhLs tiut totally iadupiMvicr.t .::ui rep resnir a"t ive h.).:Le5- 
v'v)nti:iut^ to oversee iKr^otiated tieVuJ oprient i;rants and tiie fcrriati^i;; 
.•.•nt:r»-s of I'Xi'e 1 1 e-ncM! . These are I'.iatters better left outsidt* tho 
juriyJiction of buch a body as COUK. 

(c ) i luiere.raduat r^id uate Pr ocranne Relation ship 

.supports the Cvjritention that tiie continued existence of a live, 
.;p-l o-di tt; urKlerKraduate pro>;ranirie requires the backing of a ^ocd 
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researcl) programme and participation In professional practice, by 
members of the faculty. The research activity, In the prevailing 
tradition, is most easily met througjh the provision of Master's 
and PhD postgraduate progranunes. 

(d) Quality Indicators ' ^ \ 

In addition, to the observance of university regulations, and the use 
of high calibre external examiners, the observed career performance 
of doctoral graduates can be used as a 'quality indicator*. 

Critical Size for Doctoral Programmes 

In order to be viable, a PhD prograrame must provide a sufficient 
range of interaction for the student. He must be exposed to enough faculty 
members and enough other students to provide adequate breadth of 
experience and instruction. The adequacy of this breadth cannot be judged 
exclusively by the size of the department in which he is registered. 

The- ACAP assessments, by being completely vertical, miss the rich 
horizontal components which can and do nourish and sustain viable doctoral 
programmes in both small and large departments and faculties. 'Resources 
from other divisions of the university, other engineering departments, • 
industry and. Indeed, other engineering faculties must be considered in 
any realistic analysis of PhD progratiSintf viability. . . 

Size is not a sufficient criterion for judging whether a school can 
offer a. PhD programme; there is no a priori reason why a small school 
cannot provide as satisfactory an environment for the student as can a 
large school. 

Engineering in the Wider Context 

CODE would draw attention to the need to view the totality of the PhD 
programmes in engineering not just in isolation, but also in the context 
of other related disciplines; e.g. physical, life and social sciences. 

To progress technologicall/ in such a way as to Improve the quality of 
life not only in Canada but also in other parts of the world, it is 
essential that there be work proceeding concurrently in the forefront of 
various other disciplines which Impact on engineering. It is anticipated 
that Increasingly advanced work in various areas will need to proceed in 
a more integrated fashion and it will be essential to have available high . 
lovel manpower in the physical, life and socla] sciences, economics, and 
management, for instance, together with similar capabilities in engineering. 

Research Emphasis and Relevance 



As a result of the ACAP Engineering Assessments, there is now readily 
available Information about research projects underway in all the Ontario 



Engineering Schools. The system would have profited more had the 
consultants commented in detail on this Information and qftered *• 
substantiated specific advice on the topics of emphasis and relevance. . 

CODE feels that PhD 'programmes in engineering should be flexible 
enough to cover a broad range of topics. Research activities could and 
should, range from mission-oriented research of an immediate and perceived 
social or industrial relevance through to very fundamental or basic 
research. The overall thrust of PhD. research programmes should be towards 
advancing fundamental engineering knowledge, required for the solution of 
present and future engineering problems. 

CODE aioo feels that a plurality of sources of research support is 
a relatively effective means of ensuring that a broad spectrum of research 
activity is undertaken within the engineering schools. The existence of 
a variety of granting bodies, with a spectrum of interests represented, 
including a significant academic component, appears to be an effective 
method of control. 

Level of Suj^ort for Doctoral Students 

CODE strongly supports the contention that levels of support for doctoral 
students must be increased substantially if more Canadian students are to be 
attracted to entering doctoral programmes in engineering. 

It should be noted that foreign graduate students have been willing to 
undertake PhD studies at the levels of support available and have subsequently 
filled positions within Canada. Positions have been available for PhD's - 
these have been filled largely by landed immigrants who have either completed. 
PhD study .'in Canada or who have come to Canada with a PhD. 

The recent increases in both the cost of living and salaries offered 
by industry to engineering graduates makes it even more urgent that immediate 
action be taken to increase the support for doctoral students. This is 
particularly true if post-baccalaureate experience students are to be attracted. 
Therefore, it is important that* more opporcunities be available for this 
particular type of doctoral student in engineering. 

Part-Time/Non-Res ident Work 

CDDi:; would encourage continued experimentation in this regard. It is 
felt that maintenance of some institutional contact is essential-, however. 
It is felt further that any part-time or non-resident work should normally 
bo by individual arrangement. This would not, of. course, preclude special 
arrangements between a research inst itut ion ^ or industry/government .laboratories 
and a particular university or universities. 

Inter-University A c tivities and Facilitating Mechani sms 

CODK would support any action designed to increase the effectiveness 
of the provincial resources In faculties of engineering. The holding of 
discipline meetings, the sharing of equipment, interchange of credits for 



graduate courses, collaboration between groups within various ihstittitions 
and so on are to be encouraged. It is emphasized that co-bperation often 
involves travel and other expenses that are" not always readily available 
in individual schools and that this matter is worthy of further investigation 

It is noted that inter-university activity is proceeding especially at 
the 'grass-roots' level and this can be aided and abetted by CODE. It is 
also noted thaf various university industrial research institutes and • 
similar agencies have facilitated some inter-university cooperation largely 
through use of individual expertise existing at various institutions. 

The Role of the PhD in Entrepreneur ship 

CODE feels. that entrepreneurial --J^^ctivity by PhD's is something which 
cannot be legislated. However, it feels further that the PhD has, by 
virtue of his total backgroxind, significantly greater potential for success 
in suph activity than has the member of the general populace. It suggests 
that there are two avenues of encouragement which can lead PhD's in greater 
numbers into entrepreneurship. The first depends on the educational 
institution itself, which must, by appropriate orientation and emphasis, 
develop an interest in or leaning towards innovation, independent practice, 
or entrepreneurship. The second depends on progressive government support 
programmes of various kinds, directed to reaching a 'climate' competitive 
with that found in other industrial economies of comparable size. 

Cost-Benefit of the ACAP Studies 

CODE has noted that no major measures, are proposed that would greatly 
enhance the quality of the PhD effort in Ontario. Indeed, CODE records its 
pleasure at the broad and independent affirmation of the consultants as 
to the strengths and qualities which have developed in Ontario PhD prograinnnes 

The full programme of ACAP studies is as yet- incomplete. CODE has yet 
to be convinced that the extensive funds and efforts devoted to the studies 
would not have been better spent in direct support of existing PhD programmes 
in engineering. 



A.\S/dd 

December 27, 1973 
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REPORT ON THE CODE ENGINEERING DOCTORA T E EMPLOYMENT SITUATION^ OCTOBER 1973 



In Novenber 1973, members of the Committee of Deans of Engineering 
of the Province of Ontario again supplied data on the status of their 
engineering PhD graduates during the period November 1972 until October 
1973. The results are compared in Table 1 with those for 1972* 

Again this year, the majority of the graduates"were in Chemical, 
Civil, Electrical and Mechanical Engineering. The total is up substantially 
to 177 from 124 in 1972, 

Unemployment is up from one in 1972 to three in 1973 (approximately 
1.7% of the total). 

Approximately 17% have left Canada, which is the same as for previous 
years and is probably due to the return of foreign students to their home . 
countries. 

A notable increase in employment in industry has occurred, up to 33% 
from 21% in 1972. The number employed in Canadian universities is up to 
26% from 21% in l'j72. This has been accompanied by a decrease in post- 
doctoral fellowships from 23% to 11%. 

The overall conclusion is that there is still no serious unemployment 
among recent Ontario PhD graduates in Engineering despite predictions to • 
che contrary. In fact, a healthy trend toward their increased utilization 
in Canadian Industry may have been established • 



l)cce;:iber 13, 1973. 
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APPENDIX B 
Comments on CEMC Report 
"Supply and Demand for Engineering Doctorates in Canada" (July 1973) 
Submitted by the Committee of Ontario Deans of Engineering 



Commendation of this report can be made in a general sense on two main 
scores. Firstly, the consultants have, on assignment, tackled in a 
straightforward manner, what is generally acknowledged to be a most difficult 
task indeed; where qualitatively it is not possible to assert all possible 
parameters, and quantitatively, it is not possible to obtain reliable data 
on all accepted parameters. 

Secondly, the consultants have in their report introduced with some 
care statements relating to the qualifications and limitations of the many 
elements entering into their predictions, and have emphasized that this is 
bnly a beginning - ergo, a very preliminary report. 

Within this general context, however, there are a number of criticisms 
to be advanced. 

1. Supply 

The methodology has been clearly enunciated, and the assumptions 
stated. Nonetheless, projections^ have been made on a three-level 
approach (high,- medium and low), establishing bounds which may well 
be broken as and when certain assumptions become less or more operative. 
Some indicators are already present as to the dangers of some of the 
assumptions. 

. 1.1 Admission requirements arc not static, and are increasingly adaptable 
to the changes in the high school. Three other important aspects must 
be added. There is,* firstly, foundation for expecting a major growth 
in the number of women entering engineering. Secondly, the "market- 
place" reaction with a rapid response in the 1st year enrolment to a 
proclaimed shortage in engineers will continue to be operative. 
Thirdly, there is ''urtlier indication that advanced admissions (through 
tho stop-outs returning, through technology graduates admissions, etc.) 
are increasingly important in enrolment projections." None of these 
has bc-L^n clearly taken il>^o account in this report. A further aspect 
could well be added, which is also ignored in the report, but is less 
easy to define though it will contribute to the instability in prediction 
of 1st year enrolment. This relates to measuring the full impact of 
major educational changes on tlie Canadian scene. The effect of the 
ClXI.P's in Quebec in particular, as well as of tlie C.UT's in Ontario, 
is yet to be clearly perceived, let alone settled into a measurable 
or stable influence. 
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1.2 ' The two data bases selected for examination were the number of 

master's degrees and the niftnber of baccalaureates. The discarding 
of the master's degrees/doctorate degrees ratio as credible seems 
to ignore the very recent development of many doctorate programmes 
* as contributing to a rapid change in this ratio, ^ The total postgraduate 
effort in engineering in Canada is of such an emerging character that 
rates of cliange must bo evaluated much more carefully. This is 
equally true for the baccalaureate/doctoral ratio selected as a data 
base. The evidence for stabilization in this is slight, and even the 
selection of three ratio levels is likely subject to major. error 
through neglect of variable factors in an easily perturbed system. 
Tht? changing pattern in the' number of Canadian baccalaureates who 
earn doctorates outside the country is one further feature of a system 
which as yet has little maturity or stability in it. This aspect of 
• immigration was noted in the resport as one for which no data- was 
available - which ignores one fully-documented part of the system, the 
Athlont Fellows. 

1.3 The utilization of the baccalaureate/doctoral ratio as a d^ta base for 
predicting future supply has another feature which is inadequately 
considered and analysed. This relates to the forces which are 
operative on graduates of Car idian engineering schools vis-a-vis 
their proceeding to doctoral work. Graduates of the engineering • 

\ schools of Canadian universities have never come forward in substantial 
numbers to undertake advanced study and research. The tradition of 
such a choice, and indeed the number of opportunitdes for such advanced 
wor^ , are relatively new on the Canadian scene. The expansion of the 
graduate schools over the past decade has been effected therefore by 
the attracting of students with overseas degrees, particularly from 
Asia. Many of these students from overseas have been or have become 
landed immip.rants, have stayed in Canada and have taken jobs as PhU's. 
These jobs have been available, they have not been taken up by 
Canadians who seem to 'have preferred to enter the work-force earlier, 
in-jnediately after obtain *ng the bachelor degree. There are probably 
many factors which iiave conditioned the particular choices of Canadian 
engineering graduates at the bachelor level, but primarily it is 
probably a combination of (a) the fact that Lhey have been so readily 
absorbed into the economy at that level, and (b) the fact that the 
level of financial support available for graduate study has been too 
low to make then feel that the sacrifice is worth it. For the near 
future, unless the proportioi^ of Canadian bachelor decree graduates 
choosing to undertake Vhi) studies changes drastically, the numbers of 
r]ua!ifit*ci applicants coning forward will certainly decline. At the 
s i-Tie t i\'\v as the graduate schools in engineering become increasingly 
well established and recognized, and as high technology factors including 
its eUr.-oura,u::iient throu^;h government policies increasingly become oi)erative, 
t!if o{)p(^sitc effect could well occur. The Imprecision thert?fore in 
/issuminr, a stabilized bachelor /doctoral ratio is greater than assumed in 
tiu^CKMC stiulv. 
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r.4 In the consideration of the report, moreover, one should not perhaps 

overlook the possible impact of events occurring in other jurisdictions. 
The report suggests that the annual number of bachelor degree. graduates 
will fall from about 4,500 to 3,000 over the next three years, with 
most of this decrease due to a falllng-off in freshmen enrolments in 
provinces' other than Ontario. This, could suggest in itself a likelihood * 
of fewer qualified Canadian graduates available for PhD studies at our 
univers4*4^s. 'l^^s must be viewed in conjunction with the* situation ' 
in the U.sTNrtnrfe undergraduate enrolments in engineering have fallen 
very sharply over the last few years and this will lead to a very 
substaintial decrease in the number of bachelor engineering degree 
graduates over the next few years. The combined Canada/U.S. 
graduating class was about 47,000 in 1971. It will be only about 
35,000 in 1975. One might wonder whether, because of excellent 
opportunities at the bachelor level, a smaller proportion might proceed 
to PhD work or conversely whether the lack. of anxiety about employment 
prospects at the bachelor level will give more students the confidence 
to continue with their studies. 

1.5 A further major criticism of this part of the report rests not* on the 
methodology, elements of which have been discussed above, but on the 
basic data used in the calculation steps. Without examination of each 
and every set of data used, it can nonetheless be indicated that the 
rather complex combinations of undergraduate enrolment and graduation* 
data from Statistics Canada, from EIC enumerations, from the "Ring 
of Iron" for Ontario leave some inconsistencies. The number of bachelor^s 
graduations and of doctorates were obtained only to 1970-71, while the 
number of master* s degrees were recorded for 1971-72. In view of the 
rapid build-up in Canada of doctorate degrees (from 78 in 1965-66 to 
216 in 1970-71) it would have seemed to be quite important to establish 
the 1971-72 figures before final projections were carried out. In 
view of the prominent place taken by the Ontario system contribution 
it is indeed surprising that more current data at hand in COU (ACAP) 
was not utilised. Nonetheless, it is fair to point out that the actual 
doctorates in Ontario for 1972 and 1973 respectively were 12A and 177, 
an J that the former figure compares to the low level projection for 

1971- 72 of 126, and the latter to the high level projection of 172 for 

1972- 73. At least the projection band width used just encompasses the 
first stagus of comparative actual data. 

2. Demand 

The report Includes a comprehensive survey of manpowcii' demand methods, 
and a careful statement of the method followed for each of the sectors 
explored, as veil as its 1 imitaL ions . iKis demand aspect of the report 
is the one which has received the most criticism from the ACAP consultants 
in the five engineering fields assessed. Our criticisms encompass the 
major elements of those comments in summary form as well as those voiced 
by the engineering schools in Ontario. 
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2.1 Kducatlonal Sector 

The consultants* itge of a model for the estimation of future demand 
In the educational^feector is* deceptively attractive. Essentially, 
their model was based on a staf fr-student ratio as a base, adjusted for 
retirement, mortality and migration. They concluded that to 1977-78 
(at least) the demand for . engineering doctorates would be essentially 
zero, and then admitted "this will not prove to be an accurate 
scenario*'. They then rest their case tfiat in both univetsities and 
other educational institutions, the demand will be "minimal". In the 
dictionary sense of the least attainable or extremely minute .in size, 
il Is difficult' to read into this other than essentially no demand. 
/ Kven though' rather elegantly derived, we find it hard to accept such 

^ a conclusion, particularly when the Ontario system itself projects 

now a demand for about 20 fo.r 1974. Some of the parameters which 
wou,ld be omitted by the model used include increased demand through 
major block research grants, through mission-oriented research, and 
through the development of new programmes and areas • The report does 
deal at length with the question of "substitutability between inputs", 
but does not weigh it to the level where it would not be balanced by 
other factors. This question of substitution will also be referred 
to below in considering the total demand-supply picture. 

2.2 ^ Government and Industry Sectors 

la these sectors the consultants chose to establish stock data and 
.. forecast demand for 1974, 1975 and 1978 by direct survey. From the 
vr.imy criticisms and indeed specific refutations that can be made, it 
is c lear that this survey has been far* too narrowly cast. In the 
government area this is certainly true regarding the narrowness of 
definition used. In tlie industry area it includes not only that 
liniting factor, but became subject to both incomplete data through 
using wrong sources, and through important omissions. To some degree 
tl;c consultants were well aware of these deficiencies, but were 
obvi%msly more conscious of them for the forecast demand data than 
lor the stock data - where equally gross errors and omissions seem to 
:mvu occurred. One example of sucl\ an error is in the stock of 52 
in 1973 attributed to AHCL, compared to the 90 actual in 1973 as 
providtMt by the Metallurgical engineering consultants in their report 
to ACM\ Other reports to ACAP specify other examples. 

it is hard to escape 'the conclusion that the inadequacies of the demand 
survey are far greater than the consultants envisioned, and their 
» rr.'r^ o\ o:?.issiun are much j^reater than they estimated. 

5. I i.dtu'at ional P lanning and Manpower 

v/h.il appears t^^ be a basic premise of the report as contained in 
para>.',rapii 1 on page (I; deserves comment, viz., 

Q 
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"Now, a generally accepted view is that the expected * . 
labour market for graduates of a particular speciality 
should influence policy and planning in post-secondary 
education in that area/* 

This view may not be as generally accepted as one might be led to 
believe. The particular philosophy outlined can, taken -to extremes, 
result in a shortsighted and constrained view of a university. It 
could we.ll be argued that t.oo marked a distinction has been drawn 
between what is educational and what is vocational. Recently this 
has been convincingly stated to be one of the major misconceptions 
in higher education planning*. The danger in assuming that, all but 
preparation of people for specific jobs is wrong or wasteful is not 
just in the short-sighted effort to establish a. one-to-one 
relationship between education and jobs. Rather it omits the important 
fact that vocatioaally oriented education is not wasted if it is not 
used in the specific vocation toward which it was directed. As Bowen* 
states, "It is no mark of failure, rather a mark of success, that 
education - even strictly vocational education - has wide applicability 
and produces flexible and versatile people**. The PhD graduate even 
if he takes a vocational route initially may well very soon find 
himself in positions where his PhD' can be regarded only as part of 
' his general education or as a contributing factor to his intellectual 
development or problem-solving ability. It is not difficult to give 
examples of this "diffusion" of PhD's through a "vocational" period 
to positions of quite different responsibilities in industry, 
governments and the universities. The consultants gave careful 
attention at one stage in their report to this "diffusion" or 
dispersion, referring properly to the recent University of Toronto 
study. However, they did not then "factor" it in to either their 
supply or their demand projections. In our view, significant allowance 
should be made for it. On the supply side, both into the baccalaureate 
stream as well as into the doctoral stream in engineering the 
vocatiunal/educational issue is not clear-cut nor should it be. On 
the demand side, there must be allowance made both for the stibstitut- 
ability through flexibility even at initial employment levels, and for 
increasing mobility and transfer into wider areas such as management 
as experience Accrues. The difficulty of quantifying this is well 
appreciated. The need for including it in some definitive way demands 
equal appreciation. 

3. 2 The Supply and Demand Balance 

The ruporL in its final results and conclusions comes down strongly on 
the prediction of an oversupply of engineering PhD^s in the decade 
ahead. They acknowledge a range of factors which will influence both 
their supply band projection and their demand band projection^ including 
the possible effect of their own report. We acknowledge this danger 
and can only hope that it can be minimized by vigorous emphasis both 



* H. K. Howen., "The manpower vs. the free-choice principle", University 
' Affairs, Jan. 1974. 
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oir'the limitations of the report's projections but also on the 
countering evidence af> it accumulates. We have indicated some 
uf* the aspects of both the supply and the demand projections which 
can invalidate the narrovmess of the band widths selected. Perliaps 
p.ore importaatly in the long run is the real failure of any demand 
projtjotion to able to take into account '^ny but the very short- 
term skill requirements of the economy. The evidence is quite clear 
that our society has an enormous amount of work to.be done with a 
lack of sufficient skilled manpower to do it. We would claim that 
the adaptability of Hoctoral graduates in general combined with the 
cidaptabiJity of our economy results in a surprisingly good balance. * 
I he Ontario experience, well documented now for four years^ indicates 
ossL»nt tally no unemployment of engineering doctorates, no unusual 
Iiold-up or storage in a post-doctoral form, and changing flows into 
^overm^ent and industry as demand from the universities slacken. The 
,cic(^eptaace of a current balance, which does '>xist (with some evidence 
indeed of unfilled needs in some areas), could well* be the starting 
point for the report's projections. The graphical summary given on 
paj;o .18 would then present an entirely different picture. 

We should rise above our national tendency to be cautious and 
Pessimistic, recognize that even a PhD may be viewed as vocational or 
educarional (hopefully both) according to the graduates perception of 
the ^arket-place, alternative opportunities, his own desires and so on 
and not deliberately cut back on PhD enrolments in engineering, 

.specially on demand data of such doubtful validity as that contained 
in thi> CI:MC; preliminary report. We have so little to gain and so much 
t'> lose by taking such an approach. We need to display more optimism 
and .'onfidence in ourselves and in the ability of highly educated 
manpower to .seek out and' create opportunities and to raise the level - 
of some existing positions bo.th in government and industry. It is to 
bo hoped that our students also will display such optimism and take a 
broader view of the value of their education, and that this view is 
shared by our federal and provincial governments. We will need this 
spirit if we are. to move into an era in Canadian industry where 
itv^ruasinp^ sophistication and high technology become more and more 
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NOTES 



Re: 1.1 



Entrance to engineering was assumed constant on a demographic base, 
i.e. 0.5% of male population age 15 to 19; and assumed unchanged 
entrance requirements. 



The greatest danger in assuming the validity of a stable B/D ratio 
for projection purposes resides in the fact that the doctorate figure 
for the last decade includes a very large but unknown number who 
did not come through the Canadian baccalaureate stream* The size 
of that group of doctorates was related largely to immigration , 
policies (now changed and changing),, to research grants policies 
(which have also changed), and possibly to more selective admission 
policies. Perhaps a meaningful B/D ratio could usefully be 
established when, the D number arises almost entirely from the B 
streaiD. Such data h:*ve not been collected. 



Re: 1.2 and 1.3 




